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In tsrafng the Akhual or Scxeittific Discovert fob 1866, the pabllshen 
woald take ooeuioii to direct gpedml attention to the character and otiJect of thJa 
Kmg-established and popidar work. 

The Annual is pobliahed near the commencement of every year, preaenting 
a compact, carefhllj arranged, and easily accesfible summary of all the important 
new facts and theories in every department of science and the industrial arts, which 
bare been announced to the world during the preceding twelve months,— the 
statements being made in as popular language as the subjects will admit. The 
boundaries of every department of science are now enlarging so rapidly, that the 
publication of a yearly ritumi of progress has long been felt by students and 
specialists to be an Indispensable necessity,— no other so ready and convenient 
method of ** potting up ** being available. 

But there are In addition a very laige number of intelligent persons in thia 
country who, without the time or opportunity to devote' themselves to any special 
study or reading, nevertheless desire to become acquainted with the truths of 
•eience, and with what is going on in the scientific world. To these the AnmuU 
of ScX/emHfic DUoootrji especially addresses Itself; and although its circulation has 
been large, we feel assured that the character and ol^ect of the work needs only 
to be made more fiiUy known to insure for it even a mudi wider drculation. 

Appreciated, however, as the Annual has been in previous years by large num- 
bers noi only of the Intelligent American people, bat also the Kngllsh, Its publica- 
tion at the present time seeaa more needlU and opportnne than ever beibre. The 
high prtoea which hare prevailed Ibr the last two years, and the preoeenpation of 
the attention of the people with the incidents of a great war, have terminated the 
existence of some American Journals, accustomed to report the details of sdentifle 
progress, and have diminished the drculation or Ihllness of many others. The 
high rates of foreign exchange have also caused the discontiiuLianb ^ ^E«&Mnfte^ 
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tloni to maaj European sdeBtiflc Journals, whidi formerly drcalated rerj largelj 
In tblt ooantry ; and hare thtia out off another aonroe of popular information. 

Under these circomstanoes, therefore, it will he seen that this is almost the 
only medium in the United States through which the reports of recent scientific 
progress, at home and abroad, are promptly rendered accessible to the public,— 
an assertion which is strikingly illustrated by the fact, that the present Tolume 
contains the first detailed account, published on this side of the Atlantic, of the 
remarkable disooTeries eifoeted during the past year, through the agenc> of 8peo- 
trum Analysis, 

Among other noticeable features of the present volume, is a complete rimmi 
of the recent diseoveries respecting the '* pre-historic man,'* and the antiquity of 
the human race; a report of Tyndall's recent inrestigations in relation to light and 
heat; photo-sculpture; Draper's speculations on the transition of matter; recent 
Improvements in war implements and constructions; on tlie cultivation of fish; 
production of sexes at will; utilisation of sewage; production of petroleum; use 
of steam expansively, ftc. ftc. 

The ftiU Series of the Annual of Scientific Discovery now numbers iixteen vol- 
umet. They constitute a most complete Encyclopedia of scientific and practical 
knowledge ; and hi the language of the N. T. TVmes, ** Condense a greater quantity 
of sterling matter than any other set of books in tlie world I" The series has 
furthermore this advantage over any Encyclopedia, inasmuch as it chronicles the 
Jitilurea as well as the achieveimenU in science; and a record of the first is equally 
indispensable with the last, to all who desire to know what has been attempted or 
•peculated upon by the pioneers of invention and discovery, as well as what has 
been realised. 

The Series contains fine steel engravingsof Professors, — Agassis, Sllliman, 
Hltchoock, Wyman, llitchel, Joseph Henry, A. D, Bache, H. D. Rogers, Dr. A. 
A. Gould, Isaac Lea, Esq., Ridiard M . Hoe, Esq., Capt. J. Ericsson, AdmiriU 
Dahlgren, Gen. Gilmore, fto. 



Price per.Volume, 12aio, Cloth, 1 76 

Price per complete Set, 10 Volnmea, uniform style, with neat, 

•abttantlal box, •••.•••• S8 00 
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Oil THB 

FBOGBESS OF SCIENCE FOR THE TEAR 1864. 



Thb most noticeable events in the history of the progress of science 
lor the year 1864, have been, first and foremost, the remarkable dis- 
coyeries made by Messrs. Hoggins and Miller, of England, through 
the process of ** spectrum analysis;^ and the great additional light 
that has been thrown upon the subject of the '* antiquity of the 
human race,^ and the contemporaneous existence of man with certain 
of the extinct animals. Other matters of prominent interest are the 
continued development of the business of obtaining and utilizing 
petroleum; the continued investigations of Tyndall and others in 
respect to the properties of light and heat; the application of photog- 
raphy to sculpture and topography ; the investigations in respect to 
the use of steam expansively ; sewage utilization ; meat preservation 
and packing, and fish culture ; and the results of unremitting experi- 
mentation in all that relates to military and naval warfare. An 
exceedingly interesting and suggestive paper will also be found in 
this volume, by Prof. Draper, in relation to the " Transitions of Mat- 
ter." 

The discoveries of Messrs. Huggins and Miller, and especially of 
the first-named investigator, in respect to the nebulse, have been 
tmly characterized by English authority as by far the most wonderful 
and interesting that have ever been recorded in the whole history of 
science ; and cannot fail to excite the most intense interest. The 
nebulsB which Mr. Huggins has observed, are six of the so-called 
" planetary nebulas,^ and an equal number of nebulse with a more or . 
less distinctly bright luminous centre. The intent of the inquiry 
has been, What is the condition of this nebulous matter ? Is it highly 
gaseous, expanded to an enormous area in space? ox v& \\&\>xQCivcv^'i\V] 
caused, as Bomo bare considered, by myiiada ot ftc^cA\ftaa&«» ^Qrav\w% 
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into collision, and tlius that their heat and light are revealed hj the 
telescope ? Mr. Huggins^s observations go to show that in some, at 
least, of these nebulsB there is no solid matter at all. Hcrschel has 
stated that the mass of one of these planetary nebulae, if distant from us 
as far as 61 Cygni, would 611 a space equal in diameter to seven times 
that of the orbit of Neptune ; and hence, were it not that the light 
was concentrated nearly into a single line, its examination would not be 
practicable. In the light of these nebulse, as is shown elsewhere, 
tlierc is nothing to indicate, as in the case of the sun, a solid luminous 
globe, behind the luminous photosphere, but the light from them is such 
as is characteristic of gaseity. When a star occiured in, or was asso- 
ciated with, the nebulte, a very feeble continuous spectrum was 
observed. To understand fully the researches which have led to Mr. 
Huggins^s conclusions, the reader would do well to refer to the expla- 
nations of the process of spectrum analysis as detailed in the volumes of 
the AnnwU of Scientific Discovery for 186i2. ^63, and ^64 ; there being 
at the present time no continuous and complete published record of 
these investigations. 

The 34th annual meeting of the British Association for the Advance- 
ment of Science, was held at Bath, England, and was very largely- 
attended by British and foreign scientists. The annuil address of the 
President, Sir Chas. Lyell (republished in full in this volume), was, 
in the main, a popular discussion of the most recent geological re- 
sults and theories, and cannot fail to be read with interest. 

At this meeting a Committee of the Association, consisting of Liord 
Wrottesley, Sir W. Armstrong, the Astronomer Royal, the Master of 
the Mint, Prof. Leon Levi, Mr. W. Ewart (Chairman of a similar 
committee in the House of Commons), and other distinguished gen- 
tlemen, reported in favor of adopting the metric system (of weights 
and measures) of France, and the report was unanimously adopted, 
yet with some discussion as to whether the unit should be the French 
meter or not. Among the recommendations of the Committee, w^ero 
the following : — 

That it is desirable, in the interests of science, to adopt a decimal 
system of weights and measures. Tliat in furtherance of this proporal 
it is desirable, from its scientific capabilities, to adopt the metric sys- 
tem. That it be recommended to the Government, in all cases in 
which statistical documents issued by them relate to questions of inter- 
national interest, to give the metric equivalents to English weights and 
measures. That in communications respecting weights and meas- 
ures, presented to foreign countries which have adopted the metric 
system, equivalents in the metric system be given for the ordinary 
Knglish expressions for length, capacity, bulk, and weight. That it 
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be recommended to the authors of acipntific (■omraimi cations, in all 
cftseB wbpre tlie expeiiee or labor involvi-d wuulJ not be loo gri'itt, to 
give the mclrie equivalents ot the wi-i^bts ami measures mcDtioneil- 
Tbat treatises uxplaiuiiig tliu nietriu K}-stein, with diagrams, nlioulcl bo 
funhwilh laid belbri; the puhlie, Thnt works on ■ritlinii'tic should 
contain metrit! tables of weights and measures, with KUitable exercisei 
ou those tables; and that inspectors of sclioola Bhould csaniino candi- 
datUB for pupil-teaebers in the metrit; ayatom. That in re]>urts mntle 
to llie British Awoeiation, degrues of heat and cold be given accord- 
ing to both tbe Centigrade and Fahrenheit thcrraoineters ; and tliat 
tbe scales of thermometers eonstnieted fur acienliGc purposes be 
divided botli according to the Centigrade and Fahrenheit scales; 
and that baromi-tric scales be divided into fracuons of the meter, a« 
well us into those of the foot and inch. 

In the iliscussion whicli (blloned the preacntatioD oC the report of 
the Cominittce, Sir John Bowring atated that at tbu recent Foslal 
Congress at Paris, at which 16 goTenunentu in Europe and Ainerioft 
were represent*^, a resolution was unanituousljr adopted that the 
nu^e systein should be universally adopted for postal communication, 
■lul that if adopted as a principle, it would aSbrd the greatest pos«i- 
bls facility for the settlement of accounts and intercommunicauoil 
generjlly. Tbe second fact was this, that in China, where tlierc were 
agglomerated no less than 400,000,000 of human beings, the decimal 
■yslem universally prevailed, and be had never beard of a boy of 
seven years who maile a miutake in any account, lie had even beard 
savages say that the decimal and metric system must have come from 
Goil, Tbey found it the greatest blessing, because, having their ten 
fingers, they always carried with them the means of settling their 
Bccouuta. 

A deputation from the chemical section of the Association, throagb 
Prof. Williamson, bore tentimony to the results of the experiencu of 
chemists in their use of the metric system in operations of daily 
occurrence, and statecl that working chemists, with very few excep- 
tions, were In tlio habit of using the metric system in almost all their 
experimental operations, and that they derived from it an advantage 
which nothing could induce them to sacriBce or exchange for that 
aluencc of system which at present prevailed in England. Proli. 
Owen and Hofiiiian gave it as tlieir opinion that the discordancy ui 
the systems of weights and measures of different countries is so great, 
and so much time and labor is required to convert the weights and 
measures of one country into tlieir eiiuivaleuts of a foreign system, 
tliat practically the knowledge of one nation was a scaled book to tbo 
scientific men of others. And as to the fiiAtyj ■«\ii*'«\iiAi 'Cdri *'i*Ri<». 
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could be learned. Prof. Levi, tbe eminent statistical and politic<^ 
economic writer, stated ** that a boy could make tbe same progre« 
in arithmetic taught according to the metric system in ten months as 
would, according to the existmg method, take him two years and ten 
months to accomplish/^ 

The Old and the New Sytiems of Edueatian, — ^A year or two since 
a Parliamentary Commission was appointed in England, to inquire 
into the nianagement of certain leading colleges and schools, and ee- 
pecially in regard to tbe studies pursued and the instruction givei 
therein. In prosecuting these investigations, the Commission wbre 
naturally led to devote considerable attention to the relations and in- 
trinsic worth of the two great educational methods of the present day, 
— 4he linguistic and the scientific,— -and for the purpose of obtaining 
the requisite information, tbcy invited the testimony of many of tbe most 
prominent educators in the kingdom. The testimony of these gentle- 
men is given in the Appendix of the Report of the Commission recently 
published, and from it, we derive the following interesting summary. 
The grounds taken by the advocates of an extended classical educar 
tion, are well represented in the following answer given by tbe Rer. 
F. Temple, master of the famous Rugby School, in reply to a question 
of the Commission : -— 

Questumr—** As in your judgment the opinion of a first-rate scienti- 
fic man, who is not a first-rate man in classical attainments, deprecia- 
tory of the disciplinary value of classical attainments, is not of vexy 
high value, so would you think that the opinion of a first-rate classi- 
cal scholar not having the same rank scientifically and tending to de- 
predate the disciplinary value of scientific attainment was also not of 
very great value ? " 

Answer — ** No ; I do not think it would be in tbe same degree at 
all, because it is essentially a part of the one kind of study to know 
human nature, and it is not a part of the other. The one is naturally 
led to the study of man, and to the study, therefore, of what is good 
for the discipline of the mind; the other has not studied man, but 
things, and it b not his business to know what is good for the disci- 
pline of the mind. The study of the philosophy of the question comes 
properly within the sphere of one man^s science, but not properly 
within the sphere of the other man^s science.** 

Among the scientists whose testimony was taken, were Profs. 
Faraday, Owen, Sir Charles Lyell, Dr. Carpenter (tbe well-known 
author of several works on anatomy, physiology, and the micro- 
scope), and others. Their testimony is clear, decided, and very con- 
vincing. Differing on some minor points, they united in asserting 
that the nn of the public schools is, that although the great majority 



OS THE PROaaKSS OF SCIESCE. IX 

of boys do not go to tlie univL-rciticB, yet the rdiuiremcnts of tluMfl 
who do go to the univorsitii'fl in fart regulate tlie sygtein. Dr. C«r- 
pvntcr, in arguing that cvc^n mathematics is no substitul^ for the 
phjEJcal Bticnecs, reinirked : — 

Mathcmatic^al training exorcisea the mini most strenuously in a 
ywy narroiT groovu, bo to apc-ak. It starts nith axioms wbicli liave 
nothing to do with exUimal phcQomcna. but wbit^ii the mind finds iu 
itself; and the whole science of mathematiL's may be cTolvcd out of 
the original axioms which the mind finds in itst-lf. • • • Now 
•he essence ofscientilic training that the mind finds the object of 
its study in the external wurld ; and it appears to nic that a train- 
ing which leaves out of view Ibc relation of man to external 
nature, is a very dere<!tive one, and that the faculties whieh 
bring his intelligence into relation with the phenomena of the ex- 
ternal world are subjects for education and discipline equally im- 
portant wiib the faculties by which be exercises his reason purely 
upon abstraction. * * * 1 may add, that haviog given con- 
■iderable atleatioo to the refuted phenomena of mesmerism, eleclro- 
biology, spiritualism, etc,, 1 hare had occasion to observe that the 
mmi 0/ tciattijie habits iif mind is the source of a rast amount of 
prevalent misconception as Xa whnt constitutes adequate proof of tbe 
marvels reported by witnesses neither untmtliful nor unintelligent as 
to ordinary matters. I could mention striking instances of niuicoiv 
ception in men of high literary cidtivation, or high nuitbemalical at- 
tainments; whHst 1 have met with no one who had undergone the 
^■ciplino of an adequate course of scientific study, who has not at 
once rccognited tbe Fallacies in such testimony when they have been 
pointed out to him." 

Sir Charles Lyell considered that tbe principle of limiting education 
to the languages and the matheinilics is a direct injury to many men. 
A large purUon of those who would bave shown a strung taste for the 
sciences, are forced into one line, and after they leave their colleges 
they neglect brandies they have been taught, and so cultivate neitlier 
the one nor the other. I have known men quite late in life, who have 
forgotten all the Latin and Greek which they spent their early years 
in acquiring, hit upon geology or some other branch, and all at once 
their energies have been awakenuil, and you have been astonished to 
sec how they cAme out. Thoy would have taken that line long IxtTure, 
and done good work in it, had they been taught the elements of it at 
Bcbool. Quation. So there was a mental waste in their youtb? An- 
titer. Quite so. 

Tbe following is ao extract from Prof. Faraday's testimony. 

" Up l« this very day there come to nic persovis ot ^wA ii4»sa!awik. 
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men tuid iromcn '[uito lit for all that you expect from education ; the 
come to mi', a^nd tboy lalTt to mc, about tbin^H that belong to natun 
science i about incsmcriBm, table -tuniing, Hying through thesir, sbol 
the kw9 of gtav'ity ; they come to me to ask mu qaestions, and tlw 
insist ftgainst me, vho think 1 knov a little of these hwa, that I m 
wrong and tlicy ore right, iu a manner which ehuvs how little the a\ 
dinaiy course of education has taught such miniLi. Let them *tu^ 
nalund things, &nd they nrillget a very different idea rrom that which tlM 
have obtAinud by that education. It happens up to tliis day. I do IH 
wonder atthosQ who have not been educated at all, but such as Irefi 
to. Bay to me, ' I have felt it, and done it, and seen it, and though I fasi 
not flown through the air, I believe it.' ' Persona who have been fuO 
educated according to the present system, come with the same prop< 
Bitions as the untaught and stronger ones, because they have a strong) 
couTictioa that they are right. .They arc ignorant of their ignoraiu 
at the end of all that c^luuation. It happens even with men who u 
excellent mathomaticiAna. • • • Who are the men whose powa 
are really developed ? Who are they who have made the electric tell 
graph, the steam engine, and the railroad? Are they the men wl 
have bucD taught Latin and Greek? Were the StephensODs sach 
These men bad that knowtedge which haliitually had been ncglectt 
and pushed down below. It has only been those who, hftving 
Bpetial inclination for this kind of knowledge, have forced titomseti 
out of that ignorani^ by an education and into a life of their own." 

The hinguage of the other gentlemen consulted was of the aai 
tenor, and ecjually urgent for a change in the dominant system. Tb 
showed that the physical sdeneea might bo safely studied before t 
languages arc commenced ; that they might be pursued hand in ha 
with the languages without crowding and with a gain of time. And 
they especially insisted that no nadon in this day can uafcly continue 
a system of education which ignores tha study of natural laws and the 
physiiul constitution of the globe. 

In a recent series of lectures published by Prof, Max MuIIcr an 
the " Science of Language," this diHtinguished linguistic authority 
thus speaks of the usefulness of the study of modcru languages in 
throwing light upon the laws of language : — 

" The importance of the modem languages for a true insight into 
the nature of language, and for a true appreciation of the principles 
vhich govern the growth of aticicnC languages, has nefcr been suffi- 
dently appreciated. Because a stu<ly of Uie ancient languages hai 
always been confined to a small minority, and because it is gencraJlr 
mipposed that it is eaaier to learn a modern than an ancient tongue, 
people have become accustomed to look npon the so-called clasai< 
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Ungu&gce, — Sanskrit, Greek, and Latin, — BsreLielesof thouglitinore 
pure and perFoct than the spoken or so-railed vulgar dialeeta of 
Europe, Wu are not speiliing al present of the literature of Grecue, 
or Roine, or ancient India, na compared with the literature of Eng- 
land, France, Germany, and Italy. We apeak only of language, of 
the roots anil words, the dcclcnsiona, conjugation}, and conatructioua 
peculiar to each dialect ; and with regard to these it muat be adiniltiKl 
that the modern etand on a perfert equality with the ancient languages. 
Can it ho supposed that vre, who are always advancing in art, in 
■cience, in philosophy, and religion, should hare allowed language, 
the most powerful instrument of the mind, to lall from its pristine 
purity, to lose its vigur and nobility, and to beL»>me a mere jargon 7 
Language, though it changes continually, does by no means contin- 
ually decay; or at oil events, what we are wont to call decay and cor- 
ruption in the history of language is in truth nothing but the ncrcs- 
■ary condition of its life. Before the tribunal of the Science of Lan- 
guage, the dilFcrence between ancient and modern lani^ages van- 
ishes. As in botany, aged trees are not placed in a diffL>rcnt chus 
from young trees, it would be against all iha principles of scientific 
clnssilication to distinguish between old and young languages. We 
must study the tree as a whole, from the time when the seed Is placed 
in the soil to the time when tt bears fruit; and we roust ftiidy lan> 
guage in iho same manner as a whole, tracing its life uninterruptedly 
from the simplest roots to the most complex derivatives. Ho who 
can see in modern languages nothing but corruption or anomaly, 
understands but little of the true nature of language. If the ancient 
languages throw light on the origin of the modem dialects, many 
secrutji in the nature of the dead languages can only he explaineil by 
the evidence of the living dialects. Apart from all other considera- 
tions, modem languages help us to establish, by evidence which 
cannot be ijuestioned, the leading principles of the acicn<>e of kn- 
guogc. They are la the student of language what the tertiary, or 
even more recent, formations are to the geulogiat. 
"In the modem romance dialects, wo have bc(br« onr eyes a more 
oomptetc and distinct picture or repetition of the origin and growth 
of language than anywhere else in the whole history of human speech. 
We can watch the Latin from the time of the first Scipionic inscrip- 
tion ("ISA B. C.) to the time when we meet with the first traces of 
Neo-Latin speech in Italy, Spain, and France. We can then follow 
for 1,00!) years the later history of modem Latin, in its six distinct 
dialects, all poatessing a rich and well-autbenticated literatnre. If 
certain forms of grammar are doubtilil in French, they receive light 
I from the collateral evidence which is to bo fonud in IWliLMi (« %^*».- 
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ish. If the origin of a word is obscure in Italian, we have only to 
look to French and Spanish, and we shall generally receive some 
useful hints to guide us in oar researches. Where, except in these 
modem dialects, can we expect to find a perfectly certain standard by 
which to measure the possible changes which words may undergo 
both in form and meaning without losing their identity ? We can 
hei*c silence all objections by facts, and we can force conviction by 
tracing, step by step, every change of sound and sense from Latin to 
Fr.nch ; whereas when we have to deal with Greek and Latin and 
Sanskrit, we can only use the soft pressure of inductive reasoning.^ 

At the anniversary meeting of the Royal Society (£ng ), the Pres- 
ident, (jen. Sabine, stated that the great work which has been going 
on for some years under the auspices of the Society, viz: that 
of preparing a Catalogue of the titles of all the papers and articles 
contained in all the leading scientific Transactions and Journals for 
the present century, was in the process of completion. The number 
of titles of papers already copied exceeds 180,000, and the copy- 
ing is to be brought down to 1863 inclusive. 

A manuscript catalogue in 82 volumes, with more to follow, con- 
taining the titles of the several works in chronological order, is placed 
for use in the Royal Society^s Library. The next step will be a 
printed catalogue of the whole number of titles, arranged alphabet- 
ically according to authors* names, accompanied by an alphabetical 
index of subjects ; and in this way there will be offered to scientific 
inquirers in all parts of the world an easy means of reference to all 
the important scientific subjects published during 63 years of the 
present century, — a century the most active and fruitful in scientific 
results since the world began. 

The cost of printing this great catalogue will be generously as- 
sumed by the British Grovemment. A certain number of copies will 
be presented to scientific institutions and public libraries in all parts 
of the world ; and the remainder of the edition will be offered for 
sale at the cost of printing and paper only. 

No Science of History, — Mr. Froude, the well-known English his- 
torian, in a recent lecture before the Royal Institution, on the Science 
of History took the ground, that there can be no such thing as a sci* 
ence of history, because of the impossibility of educing the laws of 
human motives and actions, as in physical science the laws of natural 
phenomena are educed by observation, and that which will be, can 
be predicted from what has been. *• Whether the end bo seventy 
years hence, or seven hundred," said the lecturer, in his peroration, 
** be the close of the mortal history' of humanity as far distant in the 
future, as its shadowy beginnings seem now to lie behind us — thii 
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only we may foretell with confidenre, — that the riddle of man's na- 
ture will rcmiun unsolved. Tliurc will be that in him yet which pliys- 
ival laws will fail torsplain, — that aonicthing, whatever it may be, 
iu biinavlf and in the world, whii^h ncience cannot fathum, and wLidi 
suggests the unknown possibiUtJcs of his origin and his dostiny. 

Interating Sanitary Metnorimda. — The following Sanitary iteM 
an: worthy of note. When Mr. EdiTin CbadwlL-k, about twenty yean 
ago, raised in Great Britain the question of Sanitary reform, and 
pcrsisti^d in keeping it befoiv the public nntil Bleps were taken to 
(.■any out meaauros for drainage, sewerage, water supply and other 
e-scntial works, lie asserted that by adoption of the ]iroposed im- 
{■roTunicnt, b diniinulion of one third in the number of dL-oths In a 
town or a dislriet might be eonlideutly looked for. It svcmcd a bold 
prediction, but it has been more than Tcrificd ; for in all the British 
towns which have nceeplcd and accomplished sanitary reforms, it is 
found that the diminution in the number of deaths ia one half. In 
other words, instead of thirty deatlis in exery 1,000 of the population, 
the number is now not more than fifteen, and in some instances even 
leas tliao fifteen, "Many,"flaj-a the editor of (.'harnberi't Joaittal, 
" will be able to identify for themselves towns in whieh such satisfao- 
tory results have been obtained. There ia no doubt about the 
■natter, for it is as clearly demonstrated by eomparisoa of a drained 
cection of a town with the undraincd part as by town with town. 
Hence wc see that if sanitary reform were carried out over the whole 
kingdom, there would be a saving of one-half in the rate of mortality 
to be added to the usual incruasc of population by births, which at 
the nejit census in 1371 would IcU with striking effect in the tables of 
inereasc. With a gain so large as this, emigration need not be 
ilreaded, nor plague aud pfstilenco apart, should fears be entertained 
iis tu iho sanitary ataclioraliou of the country at large. Though nn- 
di-nined and ilt-watered towns are still numerous, tht-ro is a growing 
tendency towards Improvement, whicli cannot fail to bo recognized in 
all future records of the population of the realia." 

Animal Mechauict. — A curious aud valuable contribution to science 
has been recently mado by Kev. S. Uaughtou of Dublin, in a paper de- 
tailing certain expcricacnta, — on the mechanical force of the muscles, 
their duration when in opuratiou, and their value, — the whole iuves- 
ti yilion, eonsiderin'T the ra^uo nature of the subject, hiving evidently 
Lc'L-ii pro!te[;uted with a most wonJarful dL-grae of sliill and rainutu- 
nc39. Prof. Hiughton lijs dywa the two fullowing principles or 
rather postulates as he terms thus : — 

~ it of woA done bT > riran MMcto Jm * b? 
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is proportional to its weight, that is the number of muscular fibres in 
its construction. 

2d. The mean lengths of the different muscles employed at each 
point are proportional to the perpendicular let fall from the center of 
motion of the joint upon the direction in which the muscles act. 

He considers that the 2d postulate is supported by these three 
considerations : (1) The distance through which the point of applica- 
tion of a muscle is moved by its contraction, is proportional to the 
mean length of the muscle. (2) It is geometrically evident that the 
perpendiculars let fall on the directions of the muscles, are propor- 
tional to the spaces moved through by their points of application. 
(3) The Divine contriver of the joint has made a perfect mechanism, 
and therefore employs a minimum expenditure of force. 

Natural Selection. — Mr. Wallace j the English Naturalist, in a 
paper recently read before the Anthropological Society, arrives at the 
following conclusions, which help to account for the variation and 
transmutation of species : (1.) Peculiarities of every kind are more 
or less hereditary. (2.) The offspring of every animal vary more or 
less in all parts of their organization. (3.) The universe in which 
these animals live is not absolutely invariable. (4.) The animals in 
any country (those at least which are not dying out) must at each suc- 
cessive period be brought into harmony with the surrounding condi- 
tions. These are all the elements required for change of form and 
structure in animals, keeping exact pace with changes of whatever 
nature in the surrounding universe. Such changes must be slow, for 
the changes in the universe must be very slow ; but just as these slow 
changes become important, when we look at results, after long periods 
of action, as we do when we perceive the alterations of the earth^s 
surface during geological epochs : so the parallel changes in animal 
form become more and more striking, according as the time they have 
been going on is great, as we see when we compare our Hvino" ani- 
mals with those which we disentomb from each successively older 
geological formation. 
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MECHANICS AND USEFUL ARTS. 



FBOFOSED GREAT IBON BRIDGE. 

A GIGANTIC iron girder bridge, surpaasing in dimensions the great 
Britannia Bridge over the Menai Straits, is proposed to be construct- 
ed across the Firth of Forth, about 17 miles from Edinburgh, 
Scotland. Its length will be 3,887 yards, or more than two miles, 
with four spans of 600 feet each, over the navigable channel. 

The clear height of the bridge in the channel will be 195 ft. at 
high water of spring tides, thus giving ample height beneath for the 
taUest vessels. The frame of the girders over the widest spans will 
be about 70 feet, giving a total visible elevation of 195 ft. for the dis- 
tance of nearly hiuf a mile, thp height diminishing at the ends of the 
bridge as the spans become reduced in width. Taking the sub- 
merged part of the work, the height will be 25 ft. of foundation be- 
low the silt bottom, 50 ft. of deptn of water at ebb spring tides, and 
18 ft. of fluctuation of tides, making in all 285 ft. in height of work 
to be executed. The middle piers will be of stone to the height of 
ten feet above.high water at spring tides, and the rest of Uie struc- 
ture will be of malleable iron. The dimensions of the Britannia 
Bridge may bu stated by way of contrast : Span, 4G0 ft. ; height, 
104 It. ; depth of tube, SO ft. The cost of the bridge is estimated at 
between £500,(K)0 and £600.000. 

How a Chain Suspension Bridge is constructed, — Most people un- 
derstand how a stone bridge is erected, but the way in which tlie 
chains of a suspension bridge are got across appears to puzzle many. 
It is needless to say that the very modem invention of a suspension 
bridge is only a bridge formed of powerful chains, buried in the 
ground at their ends, and then built link by link over high towers, 
the chains being of sufficient strength to support the road and foot- 
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way afterwards to be huns from them. The chains, or rather joini- 
ed iron bars, as they really arc, arc built together by joining side- 
ways a series of fiat iron bars, or parts of links, — ten and eleven 
bars, an odd and even number, alternately composing one link ; and 
the bridge having one, two, or three chains of numerous links at 
each side, according to the weight it is built to carry and the dis- 
tance it has to cross. The first thing done is to get the anchorage 
of the shore-ends of the chains at each side. This, in some of the 

S'eat suspension bridges, is done by taking down the links no less 
an 75 ft. deep into the heart of the limestone rocks, and then build- 
ing them in with solid masonr}\ The scries of bars composing the 
links are then embedded at each side, and from these moorings first 
a thin rope is passed over the towers and across to the other side, 
then a thick rope is conveyed along the thin, and lastly a wire rope, 
along the thick one. With two wire ropes thus got across, a cradle 
is slung between them, and the workmen can then go on placing and 
bolting together as they take a single bar or plank of iron of each 
link in the chain. The wire ropes are strong enough to support 
their weight till they arc joined in the middle, and thenceforth they 
support themselves. It is then simply a miestion of the cradle trav- 
eling to and fro till all the bars of each link have been added on 
every additional bar, making the whole work stronger. 

THE MT. CENIS TUNNEL. 

At a recent meeting of the Institution of Civil Engineers, London, 
Mr. Sopwith, in a paper on the progress of this great work, said, 
that, at .the average rate of two metres per day, from June 80, 
1864, six years and seven months would be required for the comple- 
tion of the tunnel. An immense advantage had been gained in the 
rate of execution by the use of the boring-machines of M. Sommcil- 
kVs system, so that tlie above period would suffice for what would 
otherwise have occupied twenty-six years and three months by hand 
labor, at the rate of 1,665 feet per day at each end, the average pro- 
gress before the use of the machinery. These machines did not 
weigh more than 600 weight, and could pierce a hole about one 
and a quarter inch diameter, and three feet deep, into a rock in 
twenty minutes. It would occupy a couple of workmen two hours to 
do so much. The machine consists of two parts : one, a cylinder for 
propelling the borer against the rock ; the second, a rotary engine 
for working the valve of the striking cylinder, turning the borer on 
Its axis at each successive stroke, and advancing or withdrawing the 
cylinder, striking as occasion requires. It gives 250 blows per min- 
ute. The effective pressure on the piston in striking was 216 
pounds. Compressed air was used to arive the machinery and sup- 
ply fresh air to the workmen. It was used at a pressure of five at- 
mospheres above atmospheric pressure, and was conveyed to the 
front of the advanced gallery by a pipe. Holes were bored in the 
front by the machine, which was then withdrawn, and a gang of men 
charged the holes with gunpowder and fired them ; another set ol 
men removed the debris. 



HECOAXICS AND I 

D ENGLISB Sf AKDAKUS 

Tbe folloiring is the aubstMice of a letter fommualcated during the 
)uut year to tlie London Times by Sir John Ucrsi-Liil, in refcrc-ni^ to 
itic proposed introduction of the French metrical srstem into Great 
UriUun in piace of the present Englifli standard of mcaauro. The 
U'ttor ia especially noteworthy for the reason that its culebtatud 
author places himself in oppoaition to the general current of public 
opinion on tbe subject. 

After stating that he considers the change oa purely BcicntlGo 
grounds to be a retrop;rade rather than au advance uiovemect, he 

Erocceds ti} ^ive the following as his reasons: "Whatever be the 
istorical origin of our standard of weight, capacity, and length, as a 
iiiattj^rof feet our British system refers itself with quite as much arith- 
tnctical simplicity, through the inediiun of the incli, to the length of 
the earth's polar axis (a utiit couiinon to all nations), as the irciiuh 
docs through that of the metre to the elliptic quadrant of a meridian 
passing through Paris (a uuit peculiar to France). It does so 
o^ regards our a<!tual legal Etandnrds of weight and capacity with 
much more precision than the French system, and as regards that of 
li'iigdi, (with a correction which, if legalised, would be absolutely 
iuiperccptibic, from the smallness of its amount, in any transaction of 
life, and which can bo applied, ciarenfe ealamo, almost without cal- 
culation to any statement of lengths,) with ovun still gruatur, and 
indeed with all but mathematical u-iai'tncss. 

If the earth's polar axis be conceived divided into live hundred 
millioQ inches, and a foot to lie taken to consist of twelve such inches. 
then one hundred of our actual legal imperial half-pints by measure, 
or one thousand of our actual imperial ounces by weight, of distilled 
water at our actual standard temj)orBture of 63" Folir. will iUI a hol- 
low cube having one such foot as its side. The amount of error in 
either case is oniv one part in eight thousand. 

The theoretical French metre is ooc ten-millionth part nf the ellip- 
tic quadrant above mentioned ; the theoretical litru is oni.'-thousandth 
of a cubic metre ; and the theoretical grammL', one millionth part of 
a cubic metns of distilled water at M° Fahr. The actual error of 
the French Iccal, or standard litre or gramme, or the deviation of 
tliese standards as they actually exist, from their true theoretical 
value, is one part in 2730, and is consct|UGiitly relatively nearly throe 
tl[ncs as great as the error in our standania uf capacity and weight 
when referred to the earth's polar axis as their theoretical origin in 
tbe manner above stated. 

Our actual imperial measures of length deviate, it is true, hy more 
than this amount from their theoretical valucasodelincd; that is to say. 



by one part in one thousand ; so that a ei 
feundth port subtracted from the stated amount of any length in imperial 
ineasureti suffices to reduce it to its equivalent in such units as corni- 
cpond to similar oliquots of the polar axis; a com>ction performed 
if needed, as already remarked, iaslanlar and eitrrcule etUamo re- 
quirinn^ no tables and almost no calculation. So correrted. (he ont- 
bMuding error is only one part in 64.000. TUii ^u.■Wa\W^■^\™e'a«^■■a^ 
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use in France is, howercr, not immaculate in tliis respect, its amount 
of error being one part in G400, which is ten times that which our 
British measux'es so corrected would exhibit. 

If it were worth while to legalize so trifling an alteration (and an 
act passed rendering penmssive the decimalization of our own sys* 
tern, it would be necessary to do so as a means of brin^in^ the na- 
tional units of length, weight, and capacity into exact decimal cor- 
respondence), no mortal would be awai*e, practically speaking, that 
any change had been made in our mile, yard, foot, or mch. I have 
in common use two foot-rules, bought at respectable shops, and 
neither the worse for wear, which differ by more than the amount of 
change required. In addition to North .Ainerica, which employs the 
British system of weights and measures, British commerce extends to 
Russia, British India, and Australia, all of them superior in area, and 
the last two, at least, of equal importance, commercially speaking, 
with the totality of the metricized nations. The Russian sagenc is 
an exact multiple of the English foot (imperial). The luUh (the 
legal measure of len^h in British India) is 18 imperial inches. The 
Australian system is identical with our own. Taking into considera- 
tion this immense preponderance, both in area, in population, and in 
commerce, we are not only justified in takins our stand against this 
innovation, but entitled to inquire, if uniformity be insisted on, why, 
with an equally good theoretical basis (to say the least) , the majori^ 
is called upon to give way to the minority. 

MINUTE MAGNITUDES. 

Mr. Whitworth, the celebrated English mechanician, lays down 
two achievements as being those whereupon the excellence of all 
machines mainly depends, — namely, how to produce a fiat surface, 
and how to measure small distances and quantities accurately. The 
plain Hat surfaces of iron or steel which used to satisfy engineers a 
few years ago, would now be regarded as alternations oi ridges, 
grooves, lumps, and holes ; while the thicknesses of wires, plates, and 
sheets, which could once be measured to the hundreth of an inch 

or so, can now be measured by But let u6 explain this matter 

a little. 

When we turn a screw once round, in a nut or hole fitted to re- 
ceive it, we at the same time push it forward to a distance equal to 
one thread of the screw ; consequently, if the screw be turned only 
one tenth round, it advances only one tenth of the distance between 
one thread and another ; consequently, again, if there were a hun- 
dred threads to the inch, and the screw were turned only one hun- 
dreth part of a circumference, it would advance only one ten thou- 
sandth part of an inch forward. All this is well known to persons 
Accustomed to tools and machinery ; but Mr. Whitworth's merit con- 
sists in showing how to attain the actual results in a degree hardly 
conceivable. A few years ago, he contrived an apparatus which 
would detect the difference between the length of two bars, even if it 
were so minute as one-millionth part of an inch ! There was a screw 
"^th ten threads to an inch ; there was a tangent-screw wheel with 
10 teeth in its circumference, and a graduated circle with 250 divis- 
lit ; these parts were so connected that a movement equal to one 
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division of tlic circle nas cniial to 10 x 400x250=1,000,000, — thst 
is, Kjiiiil lo an ftdvaiife of the screw tlirou-rh a space of only one-roJI- 
lionlli of an iai'h. Tliis micrometer was placed at one end of a frame, 
on which the bar to bn nieajiured was temporarily placed. WhBn a 
Hmall [lii^cu of inctol witli Ita opposite surfaccii parallel, and exquisite- 
ly true, is placed betvreeD the bar and tlie micrometer, the latltr ia 
ecrunml up until the small piece of metal (called the coutacl-piecc) 
is just nipped and held between them ; then, if the screw be brought 
back racrely one-miUionth of an inch, tlie contact-piece U loosened 
ftui) falls. Although the eye does not detect it, the machine docs 
vcntably measure this inDnitesimal quantity. As Sir Emerson 
Tenncnt says, in his Story t>f the Ouiu : " So nice is the adjustment, 
that, in nsiug it, on Inch of steel can be held to be an inch only so 
long as the thermometer stands at 62° Fahrenheit, the slightest 
oxcesB of temperature producing an appreciable elongation. And the 
standard yard, a stjuaro bar of steel, vrticn placed in the machine, is 
8o expanded by the slightest touch of the linger, an lo sbow an ap- 
preciable lengthening even under tlie influence of the ioRnitcsimal 
amount of beat thus imparted! Mr. Wliitwortti, likootberinventors, 
cama more honor than profit by such exquisite contrivances as these ; 
but his profit begins when he applies the same principle in his work- 
shop to produce articles in general demand. The result is seen in 
nuuy ways. Some years ago, there was a difficulty in working 
lueials to one-twentieth of an inch ; but the one-Uioiuandth of an inch 
is now worked as accurately as the one-twentieth was then." In 
making the exquiaite details of tlie Whitworth rillu, or in shaping and 
acljusting the separate pieces, the workmen have come to regard the 
ten-thousandth part of an inch (one-hundredth part of onc-hundrcdlh 
ot an ineli) as a quantity within their cognizance, and on which their 
credit as good workmen may depend. In the course of his elaborate 
experiments on rilling, hexagonal bores, eonoidal bullets, and so 
fonli, Ur. Whitworth maile a cylinder 0'o7TU inches, internal <liam- 
cter, a nul 0'5770 inches thick ; and another rod 0-676!) inches (hick ; 
tlio one rod fitted tightly into the cylinder when both were clean and 
tliy ; the other rod passed quite loosely into it ; and yet the two rods 
differed in thickness only Dv the ten-thonsandth paK of an inch. 
In short, **a little," to the last generation, would, by our present 
niechoaicians, be easily divided mto a hundred parts. 

To produce minute results, instead of merely measuring them when 
iirodncod by others, is the purpoee of many beautiful contrivances. 
I'liotoKraphy is now one of the agents for effecting this. There are 
liitle [Miotographic pictures, not larger than a pin's head, containing 
i:iiiIiiludeiof|iortaits of distinguished pci?ons; a focalizing apparatus 
Ij.ijduced them, and a microscope is necessary to render thetu 

At the great International Exhibition of 1863, many persons 
[iljiiced at tlie beautiful niicroeraphical macliine construi-ted by Mr. 
I'llcrs, the London banker: out the glojice told little, except to 
llioso who were previously somewhat versed in the subject. Most 
nt tractive were tlic wonderful bits of writing on gloss which had been 
etii't'ted by the machine, and which could only be rendered visible b; 
W>/at aid of'^powerful uieroscopes. Bd.r. Pclcm, a; ' 
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Bcience, invented the machine, and some time afterwards presented 
it to the Mioroscopial Society, by whom it was exhibited at the great 
International gathering. Suppose that a metal bar is suspended ver- 
tically, by a nilcrum or point exactly in the middle ; if the bar is 
swung to and fro, the top will describe a curve exactly like, in size 
and form, that described by the lower end, but opposite in directioo. 
If the lower end is twice as far distant from the fulcrum as the upper, 
and if the bar be swung to and fro, the lower end will describe a 
curve or arc just tvrice as long as that described by the upper, though 
similar in shape. If, on the other hand, Uie lower end oi the bar be 
nearer to the tulcrum than the upper ; and if the ratio of distances be 
(say) ten to one, then the upper end will describe an arc ten times 
as large as the lower, though of course reversed in direction. And 
so on in any other ratio. Now, let there be a blunt tracer at one 
end of the bar, and a pencil at the other; if we write, or draw, or 
trace any figure with the tracer, the pencil may be made to copy the 
figure on a piece of paper, — enlarged if the tracer be nearer to the 
fmcrum than the pencil, diminished if otherwise. Here we have the 
first germ of Mr. Peters^s micrograph ; a writing in moderately-sized 
characters, reproduced in smaller dimensions by this kind of panta- 
graph. In the first machine which he made, the fulcrum was a hun- 
dred and twenty-five times nearer to one end of the bar than to the 
other ; and the pencil-copy was to the tracing in the ratio of one to 
125 in size. But notable as was this power of diminution, Mr. Pe- 
ters hit upon an expedient that enabled him to eclipse it in an aston- 
ishing degree. Instead of causing the short ami of his bar or lever 
to carry a pencil or graver, he caused it to move the long arm of an- 
other but much smaller lever ; thus obtaining the product of the two 
diminutions multiplied into each other, instead of the diminution due 
to a simple lever. In his large lever, he made the fulcrum 125 times 
hearer to the short than to the long end ; in his smaller, the ratio 
was 50 to one ; and as the sliort arm of the first acted upon the long 
arm of the second, the two ratios were multiplied, insomuch that the 
copy-writing was 6250 times smaller than the original tracing. Sup- 
pose, for example, that the tracer ruled parallel Tines one-tenth of an 
inch apart ; then the pencil would rule lines l-62,500th of an inch 
apart ; and any writing, drawing, or device would be reduced in sim- 
ilar ratio. The next achievement of Mr. Peters was so to construct 
the exquisite details of his machine that he could vary the power of 
diminution at pleasure, from a ratio of one to 110 up to a ratio of 
one to 6250. Considering that no kind of pencil could draw such 
minutely approximate lines on paper, he employed diamond to scratrh 
on glass. The bits of diamond called "turned points'' are found 
better for this purpose than ** splinters." The long end of the lever, 
which is downwards, carries a tracer, with which any design or writ- 
ing is traced. The upper end carries a small piece of glass, careful- 
ly adjusted ; over the glass is mounted a diamond pointing down- 
wards, which remains stationar}- while the glass moves under it. 
Delicate mechanism is connected with the diamond, by means of 
which it may be raised or lowered, and also pressed with gre^iter or 
less force upon the glass ; and so effective are these contrivances, 
that the thick and thin strokes of ordinary' writing can be faithful]/ 
truuif/erred to tlw miuute copy on glass. 
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[ THE SIZE OF A DROP OF LIQUID. 

he size of a drop of liquid is oftt'n f<]i(>krn i>( as a ilelinilcqiiniitit)'. 
L (laiier on lliia subjei't by Mr. TaliJ, in tbu Philnaiiphicai Ataj/n- 
*mr. it IS shown that not only llic size but tiia weight Tanea wltli Ui« 
dianictcr of the tub«, and the density, temperature, and chcniical 
(.'oiii position of the liquid itBcLf. lie gircB tlie rusulls of expcriiaenM 
whi(-h show that, — 1. Other things being the sunc, the weight of a 
drop of liquid i» proportioual to the diameter of the tulH! id which it 
is funned. 2, With regard to capillarity, thu weight of the drop is 
in proportion to the weight of water which would be raised in that 
tube by capillary action. 3. The augmentations of weight are in 

RruportioD to the diameter of the surfaces on which the drops are 
iniied. 4. The weight of a drop is diminished by an aucmeutation 
of temperature- fi. Independent of density, the cheimeal composi- 
tloD of a liquid affects the weight of its drop in a remarkable man- 
iii-r. 6. In diffi-rciit solutions of cotnmou salt and other natural 
sidla, the aujJimentation in the weight of the drop ia in proportion to 
the weight of dry salt in solution. The foregoing principles %n) 
Kupporied by tabulated lilatcuients. 

THK Fit ACTIOS 3,141W. 

The celebrated interminable fraction S'14159..., which the mathc- 
ma'ician calls n, is the ratio of the circumference to the diameter. 
liut it is thousands of things beeiden. It is constantly turning up in 
malheuuitics : and if arithmetic and algebra hud been studied with- 
out geometry, n must have come in somehow, though at wliat $ta.^e 
or under what name must have depended upon the casualties of alge- 
brait'al invention. As it is, our trigonometry being founded on the 
tiri'le, R Gret appears as the ratio stated. If. for instance, a deep 
study of probable fluctuation from the average had preceded geome- 
try, n nu^jbt have emerged as a number perfectly indispensable in 
such probletnB as - What is the chance of the number of aces lying 
between a million '\- x, and a million ^.o-, when six million of throws 
are made with a die? I have not gone into any detail of all those 
cases in which the psradoxer finds out, by his unassisted acumen, 
that results of mathematical investigation cannot be ; in fact, this dis- 
covci;y is only an accompaniment, uiough a necessary one, uf his par- 
adoxical statement of that which must be. Logicians are beginning 
to see that the notion of hnrfe is inseparably connected with that of 
non-korte: that the first without the second would be no notion at 
all. And it is clear that the positive aiBrmation of that whiuh contra- 
dicts mathematical demonstration, cannot but be accompanied by a 
declaration, mostly overtly made, that demonstration is false. If the 
mathematician were interested in punishing this indiscretion, ho 
could make his denier ridiculous by inveotiug asserted results which 
would completely take him in. 

More tlian tliirty years ago I had a friend, now long gone, who 
was a matliematician. but not of the higher branches: he was, iiUcr 
alia, thoroughly up in all that relates to mortality, life assurance, &c. 
One day, explaining to him how it should be ascerlaiued what the 
mice ij of the survivorj of a large number uf ^taotu viti-n t^^xvt^'j 
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■ng between given timlu of Dumbcrs at Lbe end of a certain tims, X 
came, o( course, upon tbe iiitrocliiciiou of n, irbich I could oolj dfe* 
sfribe as the ratio of tbe i-itvuiuferuncc of a circle to its diarouter. 
" Oh, my dear friend! that must buadelusiun; wliat can the curds 
have to do with the Duubers alive at tlie end of a given time?" — "J 
cannot demonstrate it to you; but it is demouitrated." — "Okl 
BtuSI 1 think yov can prove anvtliin){ with your differential calm- 
lus : fiement, depend upon it." I said no more ; but, a few dmyi it- 
- tcrwards, 1 went to him and verygravely told him that I had diMOV- 
erod the law of human mortality in the Carlisle Table, of whidl 1m 
tlioiigbt very highly. I told mm that tlie law was involved in ihia 
circumstance. Take the table of expectation of life, choosa 4^ 
agu, iHke its expectation and mako the nearest integer a now age, d« 
tliu same vrith that, and bo on ; begin at what age you like, }rou m 
sure to end at the place where the age past is eijual, or most D^ub 
equal, to tbe expectation to cone. " You don't mean that thia u- 
ways happens?" — "Tryit." lie did try, again and af^ain; mod 
found it ai 1 said. "This is, indeed, a curioua thing; this I'a m di«- 
coveiy." I might have sent him about trumpeting tbe law of life: 
but I contented myself witli iufortuing him that the same thing would 
happen with any table whatsoever, in which the first cohiniii goes up 
and the seconfl goes down ; and that if a proficient in the higher 
inathetnatics cbusu to palm a figment upon him, he could do wit£oul 
the circle : 4 rorsairr, eoraaire ct demi, the Freacb proverb sajB, — 
Ihvf. I>e Morgan, London AlhenoMin. 

eTRAIdttT EDGES AND FLAT SUIIFACES. 

At the recent meeting of the British Association, Sir. James Wil> 
Hums read a pa^r on t£e " Flexibility of Iron," from whicli w« es- 
tra(4 the following interesting passage ; — 

" It is a comiuon saying, ' rigid as a bar of iron,' and bat 
persons are aware how very flexilile iron, as well as other latitKl 
Many builders in introducing cost and wrought girders, or beana 
aiippoTt enormuus weights, are of opinion that such beams 
enough to what they call ' bear any weight witliout bending,' 
are much surprised to be told by a mechanician tliat thceu aai 
girders, however atiff they may appear, will not even bear tlieir 01 
weight without considerable detlexion. Many good wurkiitu ib» 
chanicians even are quite unaware of the extreme subtlety t3 ' '' 
metal they are operating on. It is only that class of mecbanica 
are engaged in scrapiug uji valve faces, slide lathes, and 

tools, and, above all, attempting to tnake 'flat surfaces' and ' , 

edges.' that can comprehend m a fair way the trj'ing ditficuUi 
kecfiing such works true after tbey have once got them so. la 
engineers' workshop, where straight bars of metal are used fbrfl 
purpose of testing the work under process of manufacture, ilia ... 
snry to kec|^i at leiiBt three bars of surfacts of each kind for tlie _ _ _ 
pose of testing each other, for it has often been known that a straight 1 
edge, got up with all the care and accuracy possible, true to-day will I 
bo bent to-morrow ; indeed, the very handliiig of it while in ub« k I 
quit* iudieient to distort to such a degn-e thiit the workman froqueah I 
o put it by awhile until it comes to the nutui-al temperutureot I 
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tbe rosm he works in, the partial heat of the huids alone being 
nffiL'ient to render it useless for its object. In getting up straight 
edges anil iUi auriacea, if two i>n1/ are used to test each other, it la 
•tlbiit a mrtainty tliat one will bo hollow and tlic other rouudiug, 
but by using three wu are eaablod to diiicover Uiii dufcct." 

MACHIKERT w. UANI-OWEB. 
Mr, T. A. Mclnljre, of Albany, communicates to the Srienli/ie 
American the fallowing notice of some rapid work wldch reeeuUy 
came under bis ob£f rvation in a planing mill of that city. He Hays : 
" The prppnelors received orders one morning to tongue and groove 
4,000 boardv. The demand being urgent, they put their machinua 
to their highest speeil. Noticing the remarkable speed with which 
the boards went through one of the machines, I thought I would 
e it, and found that 10 boards paxscd through ' ' ' ' 

I would f '"" ' ' ' " "'"'" ' ' '■ ' 

aill day). 

and groove and plane more than four boards an hour; so that uiia 
macluDt', with one man feeding and two lueu taking away, did as 
much work as 142 mea." 

STEEL SHIPS. 
"Two large ships, built of steel plates, were recently launched in 
the Mersey. Though ^onic small vessels have been built of the stum 
material, this is the Grst instance in which Btccl has been used for 
ocean ships. The steel now manufactured for shipbuilding purposes 
is said to have an advantage over iron, in being more ductile and 
malleable, as well as stronger and lighter. These qnallties bring 
with them, it is also sud, greater economy in building and increased 
capacilv, both most important considerations. Alt-. Jones, one of 
till] builders, states that in the Formby, one of the newly launched 
vessels, of 1,276 tons burden, the weight of steel UKed is JMX) tons, 
whereas, if she had been constructed of iron, 800 tons of that metal 
would have been required, In a vessel like the Warrior, he declared 
that by using steel greater strength might be obtained with a saving 
of one half in the weight of mel*l. Mr. Iteed. constructor of iho 
iKnvj, made a special journey from London to attend the launch and 
e:ianiinc the ships. He remarked, that merchant ships eon be built 
to lest a principle, when war ships cannot, as the former eon be ex- 
iijiiined and repaired annually, while the latter are sent abroad f^ir 
iii'riods of three or four ycara. He perfectly agreed with what had 
[lion said of the importance of steel for the construction of small 
ships, and stated that the Government took frruat interest in the qiies- 

Uu Society Oj 

ENGIWE8 WITnOCT BED-rLATES, 
On (lie engine's of the two great iron-clad vessels constructed dur- 
ing tlie past year by Capl. EncsMin, the PurHiin and Dictator, there 
it> a novelty which warrants attention. They have neither bcd-platea 
nor frames, properly speaking. Tlic duty borne by these details 
■ asualiy found iu other engiues, is trau^ilcrred Ui u^Wl. Wv 't\i^ 
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wrought-iron kelsons, or bulkheads, running athwart-sbipfl. Ths 
entire machinery is upheld and retained in place by these kelsons ; 
girders they are in reality, for while they carry the engines they also 
n>rm a chord to the arc of the ship^s bottom and materially strengthen 
the hull. The absence of bed plates dispenses with at least forty 
tuns of iron, in round numbers; for these details and their appen- 
dages would, with engines of the usual construction, weigh that 
amount, while the absence of heavy cast-iroa frames is also a source 
of great advantage. This is particularly the case in a vessel-of-war, 
where every pound of extra weight is a positive injury, increasing 
the draft, the load, and adding to the labor of the ship in a sea-way. 
The cvlinders are bolted directly to the wrou^ht-iron kelsons men- 
tioned previously, and the power exerted withm them is transferred 
to a short rock-shaft, suppoilcd on vertical pillow-blocks, bolted and 
bracecl firmly to tlie same kelsons : beyond this arrangement there is 
no other. Cumbi*ous and heavy frames which interfere with a 
thorough inxpeetion of and access to the macliinery, and massive bed- 
plates, are both wanting, and the other details of the engines are 
equally sound from an engineering point of view. — Scienti/ic Ameri' 
can, 

ON THE MARINE ENGINES OF TUE U. S. NAVY. 

In the Report of the Secretary of the Navy, communicated to 
Congn*ss I^ecember, 18G4, the following intcix3sting statements are 
made respecting the use, construction, and iniprovenieut of the steam 
Dim'hinery of the United States Navy. The Socretaiy says : — 

As our navy has become not only exclusively a steam navy, but a 
wry lar^e one, with an enormous cousuni})tion of coal and great 
expenditure for the construction and repair of machinery", it be- 
comes a matter of the first conae(|uence that only the best machinery 
be ol)tained for it. This problem is one of very difficult, costly, and 
slow solution. The great maritime countries of England and 
France have not yet solved it, either in the commercial or war 
marine, and at this hour the best authorities do not agree upon it 
80 many conditions enter into the problem that, as prominence is 
given more or less to one or the other, diiferent conclusions are 
reached. It is evident that the question is purely a practical one • it 
can only be answered by extensive experience and accurate observa- 
tions. Mindful of the importance or this matter, the Department, 
notwithstanding the great pressure upon its resources by the war, 
has kept it in view and promoted by every means the acquisition of 
the necessary information. The proportions of hulls have been 
varied with a view to determine the relative development of speed 
in proportion to given power ; machinery has been constructed upon 
different types and systems, and the Department has encouraged all 
offers from citizens, as well as from its own officers, to build new 
machinery that gave promise of improvement. The navy at this 
moment contains marine machinery on an extensive scale of eveiT 
kind ; their results are in its log-books, from which can be deter- 
nined their various merits, both for general service and for particular 
applications. 
In the wooden vessels of the navy nearly every variety 'and type 
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of engine, of valve-gear, of rate of expansion, of surface conden- 
ser, of screw propeller, and of boilers, have been thoroughly tested ; 
but the results thus far show that the machinery designed by the 
Steam Engineering Bureau of the Department has not been sur- 
passed, perhaps not equaled, by any of its competitors, while in 
many cases their results have been greatly below it. 

In its irou-clads, the Department has experimented by the con- 
struction of different classes and sizes, both in wood and iron, pro- 
pelled by one screw and by two screws, working independently 
of each other. In its most recent constructions, of the Miantonojnoh 
doss, a wooden vessel designed by the naval constructors, and built 
at the navy-yards, with Ericsson turrets, and machinery designed by 
the Bureau of Steam Engineering, a high rate of speed, perfect 
▼entilation, impregnability, and the enormous battery of four 15- 
inch guns, have been combined in a vessel of the moderate size of 
1,564 tons, drawing only twelve feet of water. These vessels are 
free from the disadvantage of fouling, which so greately reduces the 
speed of iron ones. 

Others of this type, but of increased tonnage, are in process of 
construction, to have still higher speed, and be adapted to coast 
service. 

In the steamers bought from the commercial marine of the country, 
and in the captured blockade runners, now adapted for naval service^ 
are to be found every variety of machinery, both screw and paddle- 
wheel, constructed either in this country or Great Britain. 80 far 
as the exigencies of the war would permit, the different types of 
machinery have been submitted to careful experiment to ascertain 
their relative merits. Nearly every variety of boiler and of expansive 
gear, of rate of expansion, and of saturated and superheated steam. 
Has been made the subject of accurate experiment, and it is believed 
that the files of the Department contain the latest and most reliable 
information on these subjects. 

Nearly all the kinds of coal of the seaboard States have been the 
subject of careful experiment, with a view to ascertain their compara- 
tive value for naval purposes. A board of engineers has also experi- 
mented with petroleum as a substitute for coal in naval steamers. 

As opinion appears to have settled upon the horizontal and the ver- 
tical tububr boilers, as the only ones proper for naval service, the 
Department has one of each kind manufactured according to designs 
furnished by a board of nine engineers, employed in the principal 
piivate steam-engine manufacturing establishments of the country, 
and by the Bureau of Steam Engineering, for the purpose of accurate 
experiments, to determine their respective merits. These experi- 
ments will be of the most elaborate nature, and will, it is presumed, 
enable a choice to be made. They are now in progress. 

A commission of nine, on practical engineering, has been appointed 
hv the Department, consisting of three from the Academy of Science^ 
three from tlie Franklin Institute, and three on tlie part of the Depart- 
ment, — all eminent in physical science, — to devise the prober a.^^^- 
ratus, and make the necessary experiments tbDerewVlVv, to a&M^^\aA». 
hy profftical results the economy of using steam V\t\i ^ftete,w\. ^e^^i^^ 
€^ ejqmasion. These experiments, which axe new iTv^TOgc^^^,^«^ 

3 
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he as elaborate and as complete as it is possible to make them. And 
under the practical conditions of steam en^neering, it is believed 
they will indisputably set at rest the amount of gain to be obtained 
from using steam with different measures of expansion, and also 
determine the relative merits of diflferent kinds of valve-gear, steam 
pressure, etc., besides settling many incidental questions of great 
importance. 

ON THE ECONOMY OF WORKING STEAM EXPANSIVELY. 

Steam engineers and scientists generally, have, it is well known, 
been greatly interested of late in regard to the question of the econ- 
omy of using steam expansively ; and during the winter of 1860-61, 
a series of experiments were made by Mr. Isherwood, Chief Engi- 
neer of the U. S. Navy, under the auspices of the Government, with 
a view of testing the question. These experiments were reported in 
the Annual of Scientific Discovery for 1862, p. 25 : and in the suc- 
ceeding article we mve the English opinion of them as expressed in 
one of the leading British Scientific journals. Some two years ago. 
Congress appropriated the sum of $20,000 for the further prosecu- 
tion of this investigation, and Mr. Horatio Allen of New York City, 
and Mr. Isherwood of the Navy were appointed Commissioners to 
conduct the experiments. Committees representing the American 
Institute of New York, and the Franklin Institute of Philadelphia, 
wci*e also appointed, by request from these associations, to attend and 
counsel concerning the experiment. The result of the investigations 
as far as they have been made public, have been furnished us by Dr. 
Warren Uo well. Chairman of the Committee on the part of the Amer- 
ican Institute. In a recent letter to the editor, he says : *• An engine 
was constructed in accordance with the suggestions of the best practi- 
cal and theoretical engineers in the country. The engine frame was 
made large enough to take in seven or ei<^ht difTcrcnt diameters of cy- 
linders in succession, and to use steam ot the same pressure and the 
same (quantity in each cylinder, the same amount of work in each in- 
stance being put on the engine. The comparison that has been made, 
is this. The first cylinder tried used one cubic foot of steam when the 
piston had performed twenty-one twenty-fourtlis of the stroke : this 
cylinder was then taken out of the frame of the engine, and a cylin- 
der put in its place that held a cubic foot of steam when the piston 
had T)erfonned sixteen twenty-fourths of the stroke ; and the Commit- 
tee found that there was not a * pound's difference ^ in the consump- 
tion of either fuel or water in a 72 hours' experiment. This resiut 
was quite unexpected, because it was thought by the Commissioners 
and others, that if there was any possible expansive force to be ob- 
tained, it would be between two thirds and seven eighths of the 
8tn)ke." 

Anottier set of experiments, beiring on the same subject, are also now 
in the course of indue ion by MessrR. Ilecker, Watermann, Howell, and 
others in New York, the ^e^uitH of which have not an yet l)een fully made 
public; but coj)yin<j from the columnn of th'-» Scientific American, we will 
endeavor to state what is and ought to be ascf rt tined. In a series of ex- 
periments made by the above-named j^entlemen in 1860, it was found that 
when Uie steam was cut oil at one quarter of the stroke in an unjacketed 
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eylioder, 66 per cent of die steam fonned in the boiler was oondemed in 
the cylinder; and when both the cylinder and valve-chest were immersed 
in steam of the boiler temperature, 30 per cent of the steam was condensed 
in the cylinder. The process by which this large amount of condensation 
takes place is supposed to be this. When the steam is cut off and begins 
to expand, a portion of its heat is consumed in the performance of work ; 
or, if the expression is preferred, it is cooled by expanding. This cooling 
causes a portion of the steam to be condensed into water, which is depos- 
ited in a fine dew all over the inner surface of the cylinder. It will be 
borne in mind that this condensation takes place under pressure. There 
is not heat enough in the cylinder to keep all of the water evaporated un- 
der the pressure that is actually exerted. When the piston has finished 
its stroke the exhaust port is opened, and the pressure uiK)n the watei 
clinging to the interior surface of the cylinder — ^the pressure that held it 
in the liquid state — is removed, and this water immediately flashes into 
steam. In this change a portion of the heat required to convert the steam 
into water is absorbed from the walls of the cylinder, thus cooling the 
Widls, and preparing them to repeat the process of condensation at the 
next stroke. 

The proof of this condensation is found in the indicator cards, where 
the line of pressure falls below, not merely the curve of the Marrlotte 
Iiw, but also below this curve when correct'^d for the heat consumed in 
the peiformance of work. And that the same process takes place in 
engines generally ma} be learned by a careful examination of the numer- 
ous cards taken from those engines. 

It will be observed that the condensation takes place on the steam 
side of the piston and thus diminishes the working pressure, while the 
re- evaporation occurs when the exhaust port is open, and when the 
steam formed in the cylinder, if it exerts any pressure at all, exerts a 
back pressure on the piston. Thus the condensation and the re-evapo- 
radon are both injurious in their operation. 

It is manifest that if the inner surface of the walls of the cylinder 
could be kept sufficiently heated, no water could be deposited upon 
them, and thus this process of condensation and re-evaporation would be 
prevented. The plan devised by Mr. Waterman to keep the inner sur- 
mce of the cylinder hot, is to make the walls very thin, and to surround 
them with steam of the boiler temperature. In the experimental en- 
gine the walls are of Bteel one-tenth of an inch in thickness, and the en- 
gine is being tried first with hot steam around the cylinder, and then 
under the same C(muitions with only a jacket of conlined air. 

Should the fact of the large condensation abote referred to, be estab- 
lished, it will prove a very important matter in the construction and 
working of engines. 

STEAH ENGINE ECONOMY. 

*• A patent case has been recently tried at Washington, U. S., 
which has elicited certain statements so remarkable in their bearing 
on the system of steam engine construction adopted of late in the 
American Navy, that we cannot pass it without notice. The case in 
question is simple enough in itself. A Mr. Mattm^VY, ol "^^^wv^- 
ton, sued a steamboat company for a share o£ t\ie savm^'R ^Sftc\fe\ Vj 
M peculiar form of cut-off valve, the pateut right m -^ViLCiVi \ka V^^ 
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and had sold to the company, taking a share of the saTings eSetiei 
as the pecuniary consideration. The defence set up was aingular 
enough. The complainant asserted, and as he beliered, proved that 
the saving iu fuel amounted to over «K) per cent ; and he demanded t 
Yerdict in accordance with his statement. The defendants, however, 
called Mr. Benjamin Isherwood, the Chief Engineer of the U. 8. 
Navy, to prove not only that the particular cut-off which afforded the 
C€Uii8 belli (.*ould not possibly effect the alleged saving ; but that the 
only possible saving which could be effected by that, or any other 
cut-off, amounted at the maximum to 18 per cent, and that therefore 
a saving of «^ per cent was a physical impossibility. This statement 
is startlmg enough ; but Chief Engineer Isherwood does his work 
thoroughly, and he proceeded to strengthen his evidence by swear- 
ing that no one believed his ' new discovery ^ to be true until 1860, 
and that since then, all the new marine engines for the navy weie 
built and building upon it. It is nothing new to us to learn that 
American engines generally are constructed without much re^^ard to 
the strict principles which can alone secure economv. The indicate 
or anid its use are almost unknown in the States, l^his little instru- 
ment affords tlie only known means of ascertaining the exact duty 
performed by steam within a cylinder ; and in its absence wo can only 
form a vague idea of the really useful effect produced by the combus- 
tion of fuel. A constant habit of observation and a thorough practi- 
cal acquaintance with a large number of steam engines oi different 
constructions, working under varying conditions, can alone give that 
knowledge wliich will permit us to build engines capable of doing a 
large duty with little coal. This knowledge is tolerably well mf- 
fused throughout the workshops of Great Britain ; the ^oun^ engi- 
neer being generally afforded every opportunitv for testing the act> 
ual periormance of engines by the aid of the indicator. More can 
be learned in this way in half an hour, tlian can be derived from the- 
oretical instruL'tion, however good, in a year ; and we cannot expect 
men who are almost, or altogether unacquainted with the nature and 
properties of the instrument, to turn out first-class engines. It is 
very probable that we sludl be accused of attaching an undue iui^ior- 
tance to so small a thing. Those who have studied the subject will 
take a different view of the matter, and will, without doubt, indorse 
a statement which will bear repetition, naiuelv, tluit without the use 
of the indicator there can be no real knowledge of what docs or 
dees not constitute a good engine. Until its use extends in Ameri- 
ca, we do not look for much improvement in steam engineering. Al- 
though our Western friends are somewliat lax in their practice else- 
where, we did not ex|)ect that their navy would afford such prece- 
dents as Mr. Isherwood's evidence indicates ; evidence, too, which 
comes upon us with all the force which can be conferred by an oath, 
and*all the strength which can be derived from the high position of 
the swearer. Mr. isherwood has, we fear, led many a feeble mind 
atray. The engineers of Washin^on possess a great deal of eom- 
■on sense; however, Mr. Mattingly^s friends sent to New York for 
fr. Dickinson, an adept in engineering, and a man learned in the 
law as well, — a combination of professional attainments all too rare 
in E ngl and. Mr. Dickinson^a powers of cross-examination threw 



ism' ia «lI-powerf[il in the Naval Departraoiit of President Line 
ftdmini strati on. To s Rna. fiuggestiun that tlm question bIiouIiI be 
f&irly put to the test on the river Potouuic, in priisence of judge and 
jury, UK Uefi'ndAiits turned a deaf ear. The experiment was made, 
notwilhstinding, on board the steamship CoHj/er; when it turned 
out that with 6»0 pounds of coal an hour, she could run at the rat« 
of 27 revolutiooa a minute vith ex[)aneioD, and that but 20 a minute 
could be got without expansion, and with 700 pounds an hour. This 
evidence wu deemed so conclusive, that a verdict was at once civen 
for the eomplainant. It is not difficult to imagine what English un- 
l^inecrs will think of all this. Mr. laherwood's evidence is ai opposed 
to all tbeotT and all practice, that, did be hold a different position, 
or were he less talented, his word would simply be piuised over Wltll a 
Bmilc, or perchance, a hearty laugh. The Talue of expansion, pron- 
erly carried out, is pretty well understood among us ; and it would 
be unfair to deny that many American engineers attach a proper im- 
jwirtance to the principle as well. When the Chief Engineer of a 
^reat navy, gives utterance to sentiments and opinions so widely op- 
posed to those held by other -exiMirts, a natural curiosity is enjieri- 
cnced to know where lie got them. We will try and enlighten our 

In the early part of tito year 1860, the United States Navy De- 
partment, in tne plenitude of its wisdom, deemed it ri^lit that 
certain experiments should be made to detennine the relative econ- 
omy of using steam with different measures of expansion. Not 
content with the evi<lence afforded them by the practical operationi 
of the Cornish pumping engine, the locomotives on the New York 
railroads, or the marine engines in use on the rivers and seas of tlio 
AVestcm Continent, the (gentlemen of the Department resolved on 
instituting thorough experimental rcseart-li into the whole subject ; and 
with this object in view they appointed Chief Engineer Ishcrwood 
and tlirce oUier en^neers, as a committee, to make the experiments. 
As very valuable results were anticipated, it is natural to sujipose, 
that mure than one engine was reported on : that the best engines in 
the navy mould be selected, and Uie necessary data derived from the 
pcrfonnancc of the engines tried, at »ea, under the ordinary condi- 
tions of working, first, and subsequently, mider such extraurdinoty 
conditions as aeem best adapted to the attainment of the end in view. 
Such a conclusion is not more natural than erroneous. But one steam- 
er, the Miekigan, was selected. At the time of the experiments, 
February 18G0, she was out of commission, frozen up in Lake Erie ; 
the hull had been recently repaire<l, and the old boilers replaced 
with new ones, constructed on Martin's patent, with- vertical water 
tubes, instead of horizontal flues over the furnaces. The engines 
were two in number, of a form not much known in England; the 
cylinilcrs, 3G inches in diameter, and having a stroke of eight feet 
lyin" in an inclined position and at an angle of 28 degrees with 
the keel. Not content with continin^ the experiment to the narrow 
basis aSurJud by a single steamboat, Mr. l:iherwooJ and his eol- 
lea^es still further ruE^tricbid it, by retaining only one of the two 
cylinders in use : the other being uncoup\eA Itom live i;rs«cit-*>aS.^ 
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and put out of communication with the hollers. The TalTes were of 
the ordinary double beat poppet kind, habitually uiied in American 
paddle engines. The steam valves were made to act as expansion 
valves, by means of an arrangement known as ** Siekles^s cut-off." 
Tlie distance between the boiler and engine was 25 feet: and the 
total length of the steampipe over 17 inches in diameter, exposed to 
the rcfri<^erating intiueuce of the atmosphere, was 30 feet ; and the 
pipes being set on a slight incline, the water of condensation nat- 
urally found its way into the cylinder. The steam pipes were 
clothed with felt and wood lagging. The heads of the cylinders, 
the valve chest, and the long nozzles, peculiar to this form of engine, 
were without covering of any kind. It is needless to enter into any 
minute detail of the experiments. We have already alluded to 
"Mr. Isherwood^s talents, and he spared no trouble to obtain exact 
results from the engine under trial. The vessel was moored fast, 
the ice cut away from about the floats, and the whole power of the 
engine exerted in paddling the water backwards. Each experiment 
lasted 72 consecutive hours, during which the engine was neither 
slowed nor stopped; with the steam cut off at eleven-twelilhs of 
the stroke, the consumption of coal amounted to 4*847 pounds per 
hour: cut-otT ai seven-tentlis to 4*324 pounds; at four-ninths to 
8*72/> pounds, at three-tenths to 3*077 pounds; at one-fourth to 
8*428 pounds; at one-sixth to 3*81 pounds; and at four-fil'tlis to 
4*281 pounds. From these results we find, that the gain by expan- 
sion is decided u]) to a cut-off at one-fourth of the stroke, and that 
theixj is no advantage to be derived from expansion afterwards, with 
the parficular engine under cons idaat ion. The rc^ts perfectly 
satiafied Mr. Isherwood. He prepared a very elaborate report, — 
a model of its kind, — in the course of which he attempts with 
much plausibility to upset Mariote's law as applied to the expansion 
of steam, and laid it before the Secretary of the Navy. As a result, 
it now ai)pears, from the Washington investigation, that the engines 
for the American Navy have been, almost from that day forth, 
constructed without any regard to the carrying out of the principles 
of expansion. The crop thus sown will be reaped erelonj^ in 
diminished speed, and in inci*eased coal bills. 

If the engine of the Michigan had been specially designed to 
prove that Uie advantages of expansion were a delusion, it could 
not possibly have been better adapted to the end. Mr. Isherwood 
is A cftTiifnl, and, we presume, a conscientious experimenter, but all 
his conclusions in this case are vitiated by being drawn from falte 
premises, Jle ha^ recently published a large and handsome volume, 
a lar^e portion of which is taken up with a detailed account of these 
i'xpcriments, an^l their analysis. It require*! little penetration to 
see where the author has lainentably failed to make out a case. No 
]n'ovision whatever, either bv superheating or otherwise, was made to 
prevent condensation in the cylinder of the MichigmCs engine. 
The length of the sti*ok(? was eiglit feet. Xhv nnin))tr of double strokes 
per minute, with the steam at lull pressure, was a little over 20* 
with the steam cut off at oiKN.fourth rather less than 14. The steatu' 



b»d to traverse «>me 80 feet of steam pine, lightly clothed, i 
atmosphere only raised above 2U^ by the heat abstracted 
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the engines and boilers, to be subsequently isolated for a space of 
three or four seconds at a time, witliin a cylinder lagged, it is true, 
at the sides, but wholly exposed to the atmosphere at the ends. The 
cylinder was three feet in diameter, the area of each lid was over 
seven square feet. It requires no very abstruse calculation to point 
out the value of this area as a refrigerator during each tedious stroke. 
Then we have the valve chests and nozzles all aiding the same work. 
Nor is this all. Mr. Isherwood, on his own showing, proves that the 
loss due to clearance and nozzle space in the Michigan's engine, 
amounted to a positive reduction of average pressure equal to 12 per 
cent when the steam was cut off at one-sixth of the stroke, and to 
nearly eight per cent when the cut-off took place at one-fourth of tlie 
stroke. Some men are mentally so constituted that they only regard 
any fact from one point of view. Instead of gathering from his ex- 
perience that it was advisable that clearance of all kinds should be 
reduced to a lower limit than that found in the particular engine ex- 
perimented on, Mr. Isherwood, with a strange perversity, takes this 
very loss of pressure as evidence that expansion is wasteful in prac- 
tice and should not be employed. Our readers can form their own 
estimate of the value of conclusions so arrived at. 

It is doubtful if the history of nations can show a more astounding 
instance of folly in a case where the safety of the country was involved, 
and that country actually at war, than that presented by the recent 
proceeding of the Bureau of American Marine. On the evidence af- 
Ibrded by a series of experiments on a single engine in an old and 
small steamer on an inland lake, conducted by four engineers, far re- 
moved from supervision of any kind ; the engine being, on the showing 
of those most interested in proving the reverse, totally unsuited in 
every resi)ect for the application of expansion, — the piston moving at 
but 176 it. per minute, and the steam not superheated in the sliglitest 
degree, — those in authority have dctcnnincd, in their wisdom, to set 
aside all the tcacliin^ of the last (illy years. They have wilfully sluit 
their eyes to the work of improvement going on daily in England and 
France, and have, with a temerity almost without parallel, staked the 
future of a great navy and enonnous sum of money on the truthlUIncss 
of a single obscure experiment, bearing but a ixjmote analogy in its 
conditions to those under which steam should properly be employed. 
It is as though the American engineering world had retrograded the 
third part of a century. We shall expect, next, to have war steamers 
denounced, and tlie old liner pronounced just the thing to defend the . 
interests of the people, or push on a war of aggression on distant 
shoi*es. 

Americans are very clever. Tliey have taught us many new things. 
This time, in the attempt to teach the world something new, they have 
overshot the mark, and only rt^peated an old story in our ears, — the 
story of human folly." — From the London Mechanic's Magazine, tiiuu 
16(5^. 

IMrROVEMENTS IN STKAM BOIIJ-ntS. 

At the last meeting of the British Association, Mv. Z\iX^C10\swT^,^ 
the well-known Amer'wan engineer, read a \>;v\vct, ^ynXw^j^ «^ vts.'u'tt^** ^V 
tlw JaU'st iufoimatiou and iniprovemeuls eouc\iV\u\\VL ^^''2o\\i^>^«^^* 
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and describiiij; in particular a form of boiler invented bv Mr. Josepli 
liarrisou of Philadelphia. We give the substance of tkis paper uu- 
d«tr its several heads : -— 

Evaporation to Sttrjace, — ^The rate at which heat may be trans- 
mitted through an iron boiler plate, without injury to its substance, 
has never been precisely ascertained. About 70,000 units of heat 
per hour, equal to the evaporation in that time of one cubic foot of 
water from 00^, is believed to be the utmost per square foot of plate 
of ordinary thickness. But in order to approximately apply the 
whole heat of a furnace to the purposes of evaporation, a much lai^r 
area of heating surface, per unit of work done is re(|uisite. W att 
fixed the proportion of one square yard of heating sunace per cubic 
foot of water evaporated per hour, and this has been sanctioned by 
modem practice. But the average depth, or, in other words, the 
tldckncss of the stratum, of water thus boiled away is only one and 
one-Uiird inches per hour, one forty-fifth-inch per minute, or one 
twenty-seven thousandth inch per second, over the whole heating 
surface. From ten to twelve seconds are thus occupied in vaporizing 
a couche of water, no thicker tlian a single leaf of the paper upon 
which books are commonly printed. If, m proportion to the evapo- 
ration, an insufHcrient extent of heating surface be provided, there is 
not only a direct waste of heat, — tlie products of combustion escap- 
ing at a tem|)eratui*e correspoiiding, perhaps, to that of incande- 
scent iron, — but the fumare plates maybe burnt. Notwithstanding 
the active convection of heat in water, an intense flame directed 
against the sides or roof of a boiler furnace, will, in time, crack or 
blister the iron. It is not ccilain that tiii.s result occurs from the in- 
ability of the metal to transmit the heat, for it is more likely that, 
under vigorous vai)orization, the gravity of the li(|uid water (and it 
is its gravity only that bring^s it to the heating surfaces) is insufficient 
to bear down eff(;ctively against the rising volumes of steam. If, by 
powerful mechanical means, the water could be constantly maintained 
m contact with the heating surfaces, it it ^ssible that the rate of 
evaporation upon a given area could be bicreased without injury to 
the plate. In the haixienin^ of anvil f>ocs and of steel dles^ tha re- 
quisite rapidity of cooling is obtoiiK^d, not merely by immersion in 
water, but by its forcible descent » a a strong jet, upon the heated 
metaL 

External heating Surface, — ^Ur Jer the conditions, however, of or- 
dinary practice, no restriction 'jf cho heating surface is permissible. 
This surface is sometimes tli9l of the exterior only of the boiler, but 
it is more usual, and on vaO'X ^counts preferable, to dispose it inter- 
nally by means of fire boxos> flues, or tubes. The external surface of 
a boiler can only be inc^eMed by increasing its length or its diameter, 
or by incTcasing both A these together. Plain cylindrical boilers 90 
feet, and in one or Iwo instances 104 feet in length, have been em- 
ployed, but evefi ^pavt from any consideration of the great amount 
of space whicl» t'^cy occupy, they are mechanically objectionable, and 
thov are now n'j longer made. In increasing the external surface of a 
boiler by en).irging its diameter, it is weakened exactly in proportion 
to the increase, the bursting pressure, for a given thickness of plates, 
being iovcrsely as the diameter. The danger attendiii^ the ^reaence 
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of a large quantity of heated water in a boiler is now well understood, 
and, such as it is, it increases as the square of the diameter, so that, 
in a boiler of a given length, the elements of weakness and danger 
are collectively related to the cube of the diameter, li^temal heat- 
ing surface may be provided for in a number of smaller vessels, as in 
the retort boilers by Air. Dunn, but these are of the wateivtube fam- 
ily, which, heretofore, has been found subject to choking with the 
solid matter deposited by the water. 

Internal heating Surface, — Next are the boilers with internal heat- 
ing surfaces. Internal fire tubes were in use in steam boilers in the 
last century, an^ they were applied within a cylindrical barrel by the 
Cornish engineers, among whom was Trevithick, who employed both 
the straight ^ue and the return flue, and who made the fireplace 
within the flue. The Cornish boiler, in this form was improved by 
Mr. Fairbaim and the late Mr. Hetherington, who added another 
fire tube, thus making the two-flued boiler now so extensively cm- 
ployed in Lancashire. The two fines, although somewhat smaller 
than the single fiue, afforded a greater extent of heating surface, be- 
sides securing increased regularity in firing. The principle of sub- 
dividing the fiame and heated products of combustion, so as to obtain 
greatly increased heating suri'ace within a barrel of given diameter, 
was fully carried out in the multitubular boiler invented by Neville, 
of Loudon, in 1826, employed by Seguin, in France, in 1828, and 
subsequently in the Liverpool and Manchester locomotives, from 
which it has been handed down to the present practice of engineers. 
Not since Watt's time, however, has the evaporative power of a 
square foot of heating surface been increased, the improvement in 
the plan of steam boilers being that, chiefiy, of inclosing a greater 
extent of surface within a given space. The heating surface, in the 
boilers of the Great Eastern steamship, is equal to the entire area 
of her vast main deck ; that in the Adriatic measures more than three- 
fouilhs of an acre, while the Warrior and the Black Prince have, in 
their boilers, 2,600 square yards of surface of tubes, the aggregate 
length of winch is more than five and one-half miles. 

Objections to Multitubular Boilei's, ^^ut it is only where, as in 
steamships and in locomotive engines, the dimensions and weight 
of boilers must be the least possible, that the multitubular arrange- 
ment is even to be tolerated. It is costly and subject to rapid decay. 
In steamships, especially, the life of multitubular boilers is compara- 
tively short. The boilers in her Majesty^s vessels of war are found 
to last but from five to seven years; those of the West Indian 
Koyal mailships last, according to Mr. Pitcher, of Northfield, six 
years only, and those of the Dover and Calais packets, taking the 
testimony of the former mail contractor, Mr. Churchward, need to be 
renewed every three and a half or four years. On land, multitubu- 
lar boilers, working under constant strain, and, in most cases, as 
constantly concentrating a saturated solution of sulphate of lime, are 
nearly out of the question for the purpose of manufactories, altliQUgh 
there are instances of their employment, even in spinning mills, A. 
boiler rated at 40 nominal horse-power wiW ordmaxW^' <tN^^ox^^ ^^ 
cubic feet of water per hour, or upwards oi 100 taos oi \i«i.\«c ^^'t 
we^ of 60 hours. And feed ivater coutaixdnsj^ f^ xauOa. ^ ^ \5j«ij».% 
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of solid matter, per gallon, is often regarded as Tery good, not oulf 
when the inorganic impurity consists of the deliquescent salts of 
soda, but even when it is neither more nor less than an obdurate 
carbonate or sulphate of lime. Whatever the solid matter contained 
in the water may be, it is never carried over with the steam^ bat is 
left behind in the evaporating apparatus, and 100 tuns of the water, 
fed in a single week to a boiler in the manufacturing districts, oom- 
monly contains a hundred weight or more of dissolved gypsum or 
marble, and of which all that is not held in solution is deposited in a 
calcareous lining upon the internal metallic surfaces. Tnia fact will 
explain why not only wate.r tube, but multifire tobe boilers cannot be 
economically employed under the ordinary circumstances of steam 
generation. The consideration of deposit or scaling, as well as that 
of workmanship, imposes a limit to the subdivision of heating suHaoe 
among a great number of small tubes. 

Objections to Wrought-Iron Spheres. — In ordinary boiler making 
the geometrical advantage of the sphere caimot be turned to account. 
It cannot be produced economically in plate iron, nor if made in plate 
iron, could it be advantageously applied in a steam boiler. The hollow 
sphere has this property, to wit : with a given thickness of metal it hat 
twice the strength of a hollow cylinder of the same diameter. This ii 
upon the assumption (which is correct where the cylinder is of a length 
greater than its own diameter), that the ends of the cylinder offer no 
resistance to a bursting pressure exerted against the circamferenoe. 
Under over-pressure, a closed cylinder would take the shape of a 
barrel, and if of homogeneous material and structure, it would burst 
at the middle of its length, and in the direction of the circumference. 
The circumference of a sphere of a diameter of 1 being always 3* 141^9, 
the sum of the length of the two sides of a cylinder of the same' diame- 
ter, and having a |>lane of rupture of the same area, is 1'5708, or exact- 
ly half as much. And not only are the boiler-heads of no service ia 
resisting the strain in the direction of the circumference of the cylin- 
der, and not only are they weak in themselves, except when of a 
lieinispherical form, or when well stayed, but, furthermore, the whole 
pressui*e against them is exerted to produce a strain on Uie sides of 
the cylinder in the direction of its length, and where there is no 
through stay-rod between the opposite heads this strain is necessari- 
ly e(|ual to one-half of that excited in the direction of the circom- 
ference. 

Weakness of ordinary Boilers. — The bursting pressure of stcam- 
boiiers is commonly calculated from the average tensile strength of 
wrou^ht-iron plates. This strength is very variable however, and it 
would be more logical to take the minimum. The most extensive 
series of experiments upon the strength of iron plates is that made by 
l^ir. Kirkaluy for Messrs. Napier, of Glasgow. The number of sam- 
ples of each description of iron tested was not large, yet the tensile 
strength ranged between ver)* wide limits. That of Vorkshire iroa 
varied between 62,644 lbs. )>er square inch and 40,641 lbs., botk 
specimens being from the same makers. Staffonlshire plates varied 
between 00,986 lbs., and 36,007 lbs., and l^imrkshire plates betwcei 
67,669 lbs. and 82,460 lbs. The conclusion cannot be resisted that en- 
gineen sre /recjuently dealing with WiVer ^\aXA» ol ^ \AimCL%& «fOc«tt^ 
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8 tuns per square incb, notwithstanding 



tlut the average strength may be '22 tuuH, anil the maximum 37 D 
Aii<l the long o( this strength in punching ^e rivet holes is not mere- 
ly that of the iron cut out, but the puneh is found to sensiblj injure 
that which remains. Mr. Fairbaim's well-known and fre(|uenU]r 
TcrificK] ratio of 66 to 100, aa tho strength of a single riveted joint to 
that of tho unjiunched plate, must be always admitted in oaleulationa 
of the ttrcngth of riveted boilers. The *)-horse Lanrashire boiler, 
■ovea feet in diameter, will thus be often found (o have an ultimate 
strength not greater, when new, than that corresponding to a pies* 
sure of from 310 lbs. to 235 lbs. per s<]uare inch. This, howcvur. il 
without takine account of the strain exerted longitudinally upon the 
shell uf the boucr by the pressure on tlie ends, and it is upon the assump- 
tion, whii^ is hardly tunable, tliat tlie boiler beads, and espedally the 
flues, are of the same strength as the cylindrical boily or shell. With- 
out tlie angle-iron Btrengllicniiig retoinmendcil by Sir. Fairbaim, tJie 
collapsing pressure of the Hues of large boilers was found, in that goii- 
tlemnn's experiments, to be sometimes as little as 87 lbs. per sipiare 
inch. The strain resulting from the circumferential and longitudinal 
componenla, in the outer shell, is one-eighth greater tlian tiiat ealnihi- 
ble for the circumference alone, so tlut, even if the heads anil flues 
were stayed to the strength of the shell, this would correspond tu a 
i.russupc of but from 190 lbs. to 210 lbs., instead of 210 lbs. to 235 
ibx., as just supposed. But these estimates an; for the strength of the 
boiler when new. 

Corrosion Ihe ffreal Destroyer. — In tho experience of the ofBeera 
of tbe Manchester Boiler Association, with from 1,3(XI to 1,600 boiU 
ers always under their care, one boiler out of cvei^ seven, and, in 
»ome years, as in lfil)2, nearly one of every four became dcTeetive by 
corrosion alone, while of every eight boilei^ examined in the course of 
a year seven are found to be defective in some respects. Thus, in 
ldG3, with 1,376 Itoilers under inspection. So positively dangerous, 
and 987 objectionable defects were discovered, 37 dangerous and 270 
objcctJonalilo cases of corroeion alone having been reported. As a 
boiler malady, corroaion corresponds in its comparative frequency and 
fatality to tho great destroyer of human lile, — consumption. Jt is the 
one great disease. It is frequently internal, in consequence of tho 
presence of acid in the water; but it is still ollencr extenial, and it is 
most insidious and cprtain wherever there is tlie least leakage of steam 
into the brick-work setting. CondeiiK-d steam, or distilled water, is 
an active solvent of iron, as well as of lead, and peaty water, which, so 
far as iiwrganie tnnlter is conccnicd, is very pure, and dlntilled water 
from surface condensers, .iml. imlivil, uny miii-i- iliiit is <|iiitu soft is 
known to cat rapiilly iiidi llv Mili.-.r.iiiii' dI I In- Imilm' in wliirli ii i.-i used. 
A trickling, bowcvcr r<\v-\\i, ol' fiimli-n-i •! .(imhi. .Ii.itii llir nntsidu of 
a boiler, willinlklliljly caimi' lorrnsiriii, nrnl in \\n^ iv.is liin'i llv Iniird a 
large number of the 47 boiler exploaiuiiii wliicli uirui-rcil in llie United 

Kingtlom in IBfl.i. 

Coil Iron not cormded. — Con'osion is most rapid where the iron 
ia comparative I V pmv, im in ihu In'rt Yorki'liirii nnd .Sulroiil^-liiro 
"ites. The presi'iiec, hnwevei", of n snwll piiiimnioii n{ ..•a"'--^ -» ■ 
steel, or esjici-isllj' of siKur mid cavVjuu, m vn vaaV-Sni ' 



y. 
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it nearly indestructible. The e^cperience even inth kitchen uten- 
sils demonstrates tliis; but it is more satisfactory to obsenre the 
fact in cn<;incering operations on the creat scale. When Nelson 
first introduced the hot-blast, he employed wronght-iron heating 
stoves, and although only 300^ Fahr. was at first fixed npon for the 
ti^miMTature of the blast, the stoves were rapidly destroyed. It need 
hardly be mentioned that a wrought-iron gas retort would be worth- 
less, where cast iron answers well, being inferior only to fire clay. 
It is the same with forge tuyeres, cast iron lasting indcfinitelr. 
Since superheated steam began to be generally employed, much dif- 
ficulty has been experienced m>ni the rapid corrosion of the superiieatr 
crs. The Peninsular and Oriental Company^s engineers have been 
com[)elled to adopt copper, instead of plate iron, heating surfiMXS for 
this purpose. Alessrs. Richardson & Sons, of Hartlepool, hare, on 
the other hand, adopted cast iron, and their superiieaters of this ma- 
terial show no corrosion whatever, after four years' use. The sul- 
phurous fumes from locomotive engines rapidly corrode the plate iron 
station roofs, while the cast-iron girders and cornices remain unaf- 
fected. Cast-iron bridges ara indestructible by rusting, while Luge 
quantities of iron scales are being removed from wrought-hnon 
bridges, including the Conway and Britannia tubes. From abundant 
exjK'rience with cast-iron steam boilers and tlie tubes of cast-iron 
heating apparatus, it may be taken as settled, that where the thick- 
ness is moderate, cast iron may be thus employed without the possi- 
bility of corrosion. 

Strength of Cast Iron. — The tensile strength of cast iron Taricf 
between «> tuns and 15 tuns per square inch. Considered as a ma- 
terial for boilers only, the minimum strength should be regarded ex- 
actly, as from IG tuns to 18 tuns has been taken for wrought-iron 
plates. Cast-iron boilers eight feet in diameter and of great length, 
were at one time made, but these were manifestly objectionable. 
Tlie spherical form of moderate diameter, is prefiirable ; and what- 
ever is the bursting strength of a riveted wrought-iron cylinder, that 
of a cast-iron sphere of the same diameter and the same thickness of 
metal, will bo the same. The plate iron, of a strength of 18 tuns per 
B(piarc inch, is virtually weakened to 10 tuns by the loss in riveting, 
and, as tlie hollow s])here is twice stronger than the hollow c^'linder 
of the same <liameter and thickness, the cast iron, having no' joints, 
becomes equal in this comparison to the wrought j)late. If we cotdd 
always count u])on the maximum strength of iron, to ^vit, 27 tuns per 
stjuare inch for wrought, and 15 tuns for cast, a 14 feet cast-iron 
8)>here would have the same strength to resist bursting as the seven 
feet cylinder of the Lancashire 40-horse boiler, supposing the same 
thickness of metal in each case. 

No Scale in Uarrison Boilers. — But there is no occasion to make 
a boiler as a single large sphere, for it is now ascertained from exten- 
sive experience that hollow cast-iron spheres of small diameter, do 
not retain the solid matter deposited by the water. Small water 
tubes, and indeed all small water spaces in onlinary boilers, alwavt 
choke with de^wsit when the feed water contains lime ; but cast-iron 
boiler spheres, although they may be temporarily coated internally 
with scale, are found to part with tlm wVv^ne\%T Ocie:^ «x^ ^£ixs^^<^\^' 
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water. This fact is the most striking discorery that has been made 
in boiler engineering. It removes the fatal defect of small subdivid- 
ed water spaces, which can now be employed with the certainty of 
their remaining constantly clear of deposit. This discovery has been 
made in the use of a cast-iron boiler invented by Mr. Hamson of Phil- 
adelphia, and which is constructed as follows : Any niunber of cast- 
iron hollow spheres are employed, whose dimensions are eiglit inches 
in external diameter, and three-eighths of an inch thick, communicat- 
ing with each other through open necks, and being held together by 
internal tie bolts. A nunu)er of these spheres are arranged in the form 
of a rectangular slab ; and several of these slabs, set side by side, and 
connected together, form the boiler, about two-thirds of the whole 
number of spheres being filled with water, while the remainder serve 
as steam room. The bursting strength of these spheres corresponds 
to a pressure of upwards of 1,600 pounds per square inch, as verified 
by repeated experiment, being, tnerefore, from six to seven times 
greater than that of the ordinary Lancashire boilers of large size. The 
evaporative power, as in all other boilers, depends upon the extent 
and ratio of the grate area and heating surface ; but in practice from 
seven and a half to eight pounds of water are evaporated, per pound 
of coal in a cast-iron boiler, which, for each tun of its own weight, 
supplies steam equal to ten indicated horse-power. The joints be- 
tween the spheres are made by special machinery, securing the utmost 
accuracy of fitting, and there is no leakage, either of water or steam. 
The spheres occupied as steam space, are screened by fire bricks from 
the direct action of the heat ; but enough is allowed to reach them to 
secure complete drying, and if desired, any degree of superheating of 
the steam. The slabs into which each scries of spheres is assembled, 
are placed in an inclined position, which secures tne thorough calcula- 
tion of the water. The whole quantity of water carried in a 40-horse 
boiler, is three tuns, the boiler weighing 13 tuns, and presenting 1,000 
square feet of water-heating, and 600 square feet of steam-diying sur- 
face. In Manchester, with the feed-water taken from the irwell, or 
from the canal, a hard scale is soon formed in the ordinary boilers ; 
but in the cast-iron boiler a succession of thin scales of extreme hard- 
ness are found to form upon and. to be« ome detached of themselves 
from the inner surfaces of the water spheres. These scales are blown 
out with the water at the end of the week, and only small quantities 
can be discovered when purposely sought for. 

A pint of loose scales and dirt is the most that has vet been found 
in a careful internal examination, after nine months daily work. None 
of ihe iron is removed with the scale, the weight of the spheres after 
tliree years^ service, being the same as when new. In America, Mr. 
Harrison's cast-iron boiler has been worked for six years. 

The seli-scaling action, which has been found to be the same in all 
cases where the boiler has been worked, can only be explained by con- 
jectures. 

STEEL BOILERS. 

Important experiments have recently been made in Ptusm "^\\}cv %\fe^ 
boilers*. TSL—^^f*' ^^^^ 30 feet long and 4 feet Vn ^\amt\jet^^*vCckSs^ 
faes, WBte foScett side by side. One was made oi s\ee\ "^VjA^^ oxv't-iavsi^ 
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of an inch thick, the other of iron plates 0*414 of an inch in thieknen. Tht 
steel boiler was tested by hydraulic pressure up to 105 pounds per sqtnrt 
inch. Both boilers were worked for about a year and a half under 65 
pound pressure. ^ At the end of that time there was less scale in the 
steel than in the iron bdlpr. The steel boiler generated 25 per cent mora 
steam and evaporated an average of 11*66 cubic feet of water per bonri 
the iron eva]x>rated 9*37 cuImc feet. The quantity of coal consumed per 
12 hours was 2,706 fur the steel, and 2,972 for the iron boiler. The 
pblcs of the steel boiler directly over the fire were found to be uninjured 
whi.'e those of the other were worn out. The advantam of the steel 
boiler are strength, lightness, rapidity of evaporation, durability under 
heat, the securing of more perfect riveung, and comparative freedom from 
scale. 

KEW MECHANICAL ACTION OF STEAM. 

In a recent English invention it is claimed "that the expansive 
force of the steam is made to act equally on two pistons, and force 
them aT)art with the power due to the area of 'the pistons and the pres- 
sure of the steam, and that the force thus exerted on two pistons is 
united and conveyed to the crank shafl ; whereas, in steam engines of 
the usual construction, with a piston working in a cylinder, half tke 
force exerted is always acting on one of the ends of the cylinder »^ 

NEW CALORIC ENGINE. 

A new caloric engine, invented by Mr. Koper of Boston, Mass. has 
the following peculiarities. It is designed to be used where small 
power is required ; and the main novelty about it is, that it does not uscy 
upon the piston, common air heated, but only the products of oomhus- 
tioo. The air to supply oxygen for the combustion of anthracite coal is 
pumped in; the carbon is burned rapidly und completely, under pressuret 
and the resulting carbonic acid gas and uncombined nitrogen gas from 
the air, are pass^ from the generator to the piston, which is in the form 
of a hollow munger, so arranged that it is packed and fitted only at the 
top, where there is the least heat. In this way the common difiiculty of 
lubricating a hot cylinder and piston is obviated. The generator of heat 
is surroui.ded with firebrick or soapstone, which prevents the iron from 
being burnt. The engine is single acting, — that is, the power is ap- 
plied to the piston moving in one direction, during which movement the 
air to feed tiie fire is pumped in ; the momentum acquired at the same 
time, by a balance or fly-wheel, is used to carry the piston back to its 
original position. 

ON OUR FUTURE LOCOMOTION. 

" It would be presumptuous to augur that steam locomotives and 
their trains will erelong fail to meet the demands of society ; but it 
would be much more so to conclude that they comprise the perfection 
of mechanical resource, and arc to be the neplus ultra of land travel- 
ing fur all time to come. In nature nothing is bom or matured at 
once ; and in art nothing springs complete from hmnan brains. In- 
ventions, like plants, arc designed to grow until they arc ripe: and 
when all is got out ol' tbeui that can be, to give place to otliera. When 
one has fulfilled its promise in the front ranks of civilization, ii ia to 



tax back until it rcache* the hindermoFt. Ages m»y elapse Ix-rore 
this b done, or can be done wliUu bnrbarism endures. Fiiut iinple- 
in(?nt8 conttiiiied in usu Uuvii^li n^^-s of brouzc ; uiid iron lins tiot yot 
ri'iicltcd all sava^ tribes. Tlial tliu rapid Iranaitof men and mcrcLan- 
disa is ui iui|>urtaiit, and dL-stined to buLvmu a. lending elemeut in civ~ 
ilization, no one cau doubt who observes its inHucncc on tbi! sotriol, 
pulitiuil, (vnimereial, and intelleetual world. U il stands still, pro- 
gress iu oUhx dv[)artments muHt bo arrested. Whatever miky be the 
r«d, tliere is little risk in asserting tltat tiiu pri's- 
in time bo deemed intoltirably slow. It is not 
w MtisHed iritb it, and the number is not siii:dl who 
wieb it wcru doubled. 

Wb<'n laith in progress becomeB aeneral, improvements in the arts 
will beeoiue eumtnon. The more there is of it, the less of that de- 
pressing unbelief wliich mnits new pmiM-ts, sometinies with derision, 
always with suspicion, and a);ainst wlurli valuable novelties have to 
Ktrugijio into life. I'referring to rest satisfied with thinns as tliey ore, 
it is doubtless ready to ask i^t possibility tlicre is of any marked ad- 
traTeling by steam ? and where the necessity for it ? The 
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very objections to mail coaehcs iji the last eentui^, which wcru to pass 
over roads good and bad, ni"lit and dny, at tno incredible avcr.ige 
n miles an hour; to tfie first sti-'aailioats, also, whieh, if ttiey 



did not threaten to upset and break the limbs of their passengers, 
would subjei-t tlieui to tlie double risk of beiii;; scalded to death, or 
blown piecemeal into the air. Had the leap from Um miles by horses, 
to My by steam, been attempted at onee, it woulil have stag^red thu 
lioldcst, and probablv liavc brought public execration on the proposer ; 
but nothing of the kmd can take place. By the law of progress, iui- 
pnivcmvuts arc gradual, never prec-itiitate. 

The dmid woidd not now willin(;lv be among the first to travel at 
the rat« of 60 or 100 niitea an hour, if Ibey even hod little fear of its 
taking away their breath. The fueling is a natural one, and tlierelbru 
to be respected, although it bos no rational foundation. It is rhielly 
aseribable to ^norance of the Giet tliat the highest speed no more aj- 
Iccts our bodily organs, than the lowest- 
Passengers m the cabin of a ship Hying before the wind, hare no 
mori' sensation of going forward, than when sbe is lying at anchor. 
A balloon rushing upward, or in a lateral direction, ap[H.'ars to llie 
aeronauts stationair and motionless. In night rail trains we walk to 
and fro, ait and sleep, unconfldous of progression as in a^iarlor or 
bedroom. In daj'time it is the same if we close our eyes [u objects 
outaide. Julia from obstructions and irreguUi'ities of road", with 
eluinges of direetion and diversities of speed, t4^ll us we are moving. 
Ill a jH-'riuct sysl4uu ol' travel, them could be no sense of motion at all, 
wlii-llieT the rate was one mile an hour, or a hundred, or five hundred. 
And ei-en that is a snail's pace ivhen we look, and we ou^it ollen to 
look, beyond otir petty doings to those of the Great Unu;iiteor. Our 
44arth is one of a line of passcn^r cars that convoys us Uirougb spot* 
at a mean veloci^ of CH.UOU miles an hour, without disturbing a loose 
brick on a ehinuwv, or displacing a grain of dust, proclaiming tlio Iliut 
that untlbnuity oi motion is eipiivaleut to rest, and soggostiiig that 
~^' ''' "' and cleruity. beat and cold, li'^ht iu\4 liaiWiia, a.'i.vsaiia- 
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tion and repulsion, &c,, rest and motion are one. ELence, if the tioM 
should ever come, when 1,0(X> miles an hour can be done, old ladies 
and children will bo no more inconvenienced than now, and iu all prob* 
ability not near as much/^ — Journal Franklin InstUuU. 

TUfi FN£UMATIC RAILWAY. 

In former numbers of the Annual of Scientific Discovery ( we voL &r 
18G4, p. 2 1 ), we have described the workings of the so-callra ** Pneumatk 
liespatch" as used in London and elsewhere. During the past year the 
directors of the Cry>t il Palace, ne.ir London, have constructed upon the 
same principle a pneumatic railway, consisting of a brickwork tunnel, or 
tube, about 600 yards long, 10 ft high, and 9 ft wide. ^ ThfS tube, 
which is c.ipable of admitting an ordinary' size railway cirriage, is laid 
with a single line of rails fitted with o;)emng and closing yalve* at either 
extremity, and su))|)lied with all the other requisite apparatus for pio- 
pelling i>assenger trains on the pneumitic prinoi]>le. 

The object of hiving down thin esperi rental Une was to afford, both to 
the scieiitihc world and the traveling public, a pnctical demonKtraiion of 
the applicability to passenger tnffic of the motive power airejuly em- 
])loyed by the Pneumatic Despatch Company in the conveyance uf let> 
tern and |Kircels. 

Tiie trial trips recently made with this railway are reported as per- 
fectly successful, and are thus described in the London Times f of Au- 
gust 20, 1864 : The pneumatic principle of propulsion is very simple» 
It has been likened to the action of a j)ea-shooter, — a rough kiml of oooi* 
narison, perh ips, yet one sufficiently aceurate as a poptdar illustration. 
The tunnel may be taken to represent the pea-shooter, and the train the 
pea, which is driven along in one direction by a stroiig blast of air, and 
drawn bock again in the oj)posite direction by the exhau<(tion of the 
air in front of it The train may be said, in fiict to be blown through 
the tube on the down journey, and sucked through it on the return 
joumev. It mu<«t not, however, be supfiosed that the passengers are de- 
posited at their destination with a sudden jerk, as the simile we have 
used might seem to imply. Such an inconvenience is entirely obviited 
by the mcchinical arrangements employed. The motion is throughout 
smooth, easy, and agreeable, and the stoppages are effected gently and 
gradually. I:ideed, when it is considered that the curve in the tuoiiei is 
unusually sharp, being of eight chains radius and that the gradients are 
as high a» one in fifteen, it is surprising that the motion should be so 
much steadier and jdeasanter than ordinary railway tra\*eling. The 
journey of 600 yards was performed either way in o}x)\it 50 seconds 
with an atmosphere pressure of only two and one half ounces to the 
square inch ; but a higher mte of speed, if desirable, can easily bo ob- 
tamed connistently with safety. Indeed, one greit incidental -adv mtage 
of this species of -ocamotion is that it excludes all risk of the c:)lbsi;His 
occasionally attendant on railway traveling; fir it is phiin that no two 
trains could ever run full tilt arunst eich other whe.e all the propeUin:^ 
force is exi)en(led in one direction at one time. The u-or>t mishap which 
it IB said could well happen is that, owing to some sudden failure in tn^ 
machinery, the train might be abruptly brought to a dead stoj) in the 
"vddle 02 the timud, when the passengers would have t j alight t'ruai the 
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carriages and grope their way as beat they could out of the tube. Such 
a preilioiiment ccirlaiDly would not be enviable, but it might be more la- 
tlicrouj thin dingenua. 

T&e train ust^d consisted of one vely Ion;;, roomy, and comfortable cnr- 
tiage, reaembUng un Glongaii<d omnibus, and cjpiible of accum iiodaiins 
some 30 or Sa p:i»seiigert. Pei9«engerB enter this cirriase nC ellher end, 
Hiid the entrances are closed with sliding glass doora. Fixed behind tbe 
Citrriuge there iti a framework of the same form, and neaily Ihe name di- 
niL-iiaionii, aa the Hectional area of the tunnel ; and ott.iched to the ooler 
eilgeof this frame isa fringe of bristles formlngu thick brush. As thecor- 
ri.i^ moves a!ong throu^ the tunnel the brush comes into do»e cuiiLict' 
with the arched brickwork, so as to prevent the ewape of the air. With 
tins etititic oiilLir round it, the carriage Ibrms a close fitling [Hslon, ^(iiinst 
■ liich the propulittve force is directed. The molive power U supjilied in 
ihin: At the deiKirture Rtstion a large fin-wheel, with nn iron uihc, c >n- 
cive in surbce and 22 feet in diameter, is made to revolve by the aid of 
a hunall sLitionary engine at such speed as may be required, tlie jiretsure 
of the air increasing, of course, accnrdinf; to the rapidity of the revolutions, 
end thus generating the force necessary to send the heavy carriage u|i a 
BtL'ejier incline than is to be fiund upon any exialin^ railway. Tlie disc 
gyrates in an iron ca« reseralJing that of a liuge padillewhtel [ and from 
iu broad periphery the {larticles of air strenm off in strong currenuw 
When driving the air into the up|>er end of llie tunnel to propel the 
dnwn-train fresh quantities ru-h to the surface of the disc to supply the 
partial vacuum thus created ; and on the other hand, when the di»c is ex- 
hausting the air in the tunnel with the view of drawing back the u|i-train, 
the air rushes out like an anilicial hurii ane from the escaped valves of 
the dbic ctse, making the adjacent trees •'hike like reeds and nlmoot 
blowing off his feet any inaiutiuus apecutor who approaches too near iL 

When the down journey is 1o lie ^rformed the breaks iire taken off the 
wlieeta und the carnage muvei by its own momentum into the mouth of 
iJie tube, pussiu^ in us c.iunie oier a deep air-nell in the floor, C3veied 
with an iron f;ratmg. Up this open'ng a gust of wind is sent by the disc, 
when a valve, formed by a pair of iron doors, hung like lock-gites, im- 
mediately closes firmly over the i-ntrance of the tunnel, contiiiing the in- 
creasing atmQ:jpheria preasuru between the val . e and tbe re.ir of the car- 
riage. The force being thus brought to bear upon the end of the train, 
the Litter, shut up wiihin the iui>e, glides smoothly along towards ila des- 
tination, the revolvbg dise keeping up the motive power until it re.iclie^ 
the steep incline, whence its own momentum agiin suffices to carry it the 
rest uf the distance. The return journey, as ubuvis imiicated, is ulfei'teJ 
b)' the iiid of the eshausling ])roceas. At a given tibial a valve is opened, 
and the disc-wheel set to work in withdrawing tie air from the tu'ie. 
Near the upper end of the tube there is a krge aperture, or side-v,>ult, 
which fiirms the throat through which the uir i<, so to npeuli, exhaled, the 
iron doors at the upper terminus still being kejit shuL In a second or 
two the train pasted at tbe lower terminus, jieldin^ to the exhausiiiig 
priicess going on in its front, and urged by the ord niry pressure uf the 
atmosphere from behind, moves off on its upward journey and rapidly 
Siccnaing the incline approaches the iron gutes, whion ttj Q\vctv ta ns:^via 
it, and it emer;,'*J« .'(( once into diylight. Such is the tooAb in ■n^vvs'h ^^^a 
tjntmm works, mid k se.-ata cijiable of being ada^itud to tuiitiits Mn^oBi.- 
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nication within the metropolLs and other lar«*<e towns, or whererertoii* 
nelled lines with steep gradients exist. The diicf obntacies encountered 
in practically working the atmospheric railway, introduced some 15 
years ago, are considered to have been effectually overcoine by the pres- 
ent jiiouification of the principle. Under the former system the tube wai 
of very small size, and fixed upon theground ; a longitudinal or contin- 
uous valve opening at the top, along which a rod, connecting the pistoo 
witl) the carriages passed, and the valve closing behind the rod as it 
moved onwards. The amount of atmospheric pressure required to be 
exerted where the area of the tube was so small was enormous, being 
from seven to ten pounds per square inch ; whereas under the present 
system the pressure is only two and one half ounces per square inch; 
and, moreover, the great leakage and waste of power which rendered the 
oldatmospheresystemsocostly in working are hero in great measure 
avoided. It need hardly be added tliat the worst drawbacks to traveling 
through tunnels — viz : the smoke and sulphureous vapors emitted from 
the locomotive, and the close, unwholesome atmosphere of the iimnels 
themselves — are in this case got rid of. Every train, in fact, carries its 
own supply of fresh air along with it,and also expels the foul air before it. 
• Improv&i Pneumatic DeapcUch, — Air. C. A. Varley, of Liverpool, 
has invented an improved apparatus for the transmission of parcels oo 
the pneumatic principle. Tiie novelty of the invention consists in the 
use of compressed air as a motive power for the propulsion ol car- 
riages in one direction, while a vacAiumis created for their transmission 
in the otlier. In the old plan, the pressure used was limited to that 
of the atmosphere, — 15 pounds to the scjuare inch, — but by tlie new 
system, any amount of pressure can be obtained by the use of oom- 
pressed air. 

The London Engineer thus describes the application of Mr. Varley^s 
invention by one of the telegraph companies in Liverpool, for the trans- 
mission of written despatches from one office to another, a distance 
of about 300 yards. It says : *' In the cells beneath the central ofiiiie 
of the company in Castle Street, is an engine usually worked at about 
one horse-power, though much more force can be gamed if necessary. 
This engine works a double air-pump, which removes the air from one 
chaml)er and forces it into another. The chimbers are called the * ex- 
haust ^ and the ' compressed air ^ chambers, and are connected by pipes 
and valves with the apparatus in the room on the first floor. If a mes- 
sage has to be sent, it is placed in a little round flannel bag made to 
fit loosely into the tube. A valve is then opened in connection with 
the compressed air chimber; the (*ompressed air, which is kept at 11 
pounds on the square inch, nishes into the tube, and the bag is urged 
with immense rapidity to its destination. On its arrivul there the sig* 
nal is given on an electric bell, the valve stopped, and the opcr.itor is 
ready to receive the return message. The signal is given on the elec- 
tric bell, and the valve and all outer communications at the operator's 
end closed. A coniuiunication is thenoitened with the exJiiust cham- 
ber, and the air, rushing from the far end to supply the vacuum, brings 
the little bag along with it. On its arrival a spring is touched, the 
valve falls, and the air rushes in. The operator is then able to open 
Uic case and take out the message. The average speed of these tube«, 
which are one and one half inches ^amuteT, \a «\:mm\i ^ lo^l^ ^^ 
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boor, so that any number of messages may be sent or received from 
^e exchanjj^ in 17 seconds.*^ 

I31Pm>VED RAILWAY CAR TRUCKS. 

In car trucks, as generally constructed, the wheels are made fast to 
die axles. It follows that they must be of equal size, and pass over 
tracks of equal length at the same time, or there must be a sliding or 
jumping motion given to one of them equal to the dilTerCnce in the 
uze of the wheels, or the length of the track. But practic^dly, tlie 
•rfaeels cannot be made or kept of the same size while m use, nor can 
kfao tracks on the ri^ht and lefl of the cars be of the same length, ex- 
cept while running m a straight line ; the consequence must be that a 
grinding, sliding, and jumping motion is neariy constant. The rcsolt 
of these irregularities and inequalities is to rapidly destroy both the 
wheels, axles, and rails ; also, to weaken the cars. 

An estimate of the amount of this sliding and jumping, which occurs 
every day on extensive roads, will astoni^ every one who has not in- 
rcsfigated the subject. Suppose the wheels upon the opposite ends of 
the axle in a rigid truck difi'er in their circumference the amount of 
one-fourth of an inch. At every revolution the lesser wheel must be 
brought up to equal the larger by a jump or slide. This difficulty is 
ratlier iniTcased m passing curves. These objections attending the use 
of a •* rigid truck " arc sought to be overcome by ^Ir. Walter Youmans, 
Lansingburg, N. Y., in an invention, the fundamental principles of 
nrhich are comprised in making the wheels turn on adjustable axles, and 
in so adjusting the axles as to keep them always at right an^^les to the 
truck. By this improvement it is claimed, tliat all sliding and jumping 
of the wheels is obviated ; for turning independently of each other, 
sach wheel is kept in its proper position, without causing any strain 
upon its fellow. 

A considerable gain in the power of the locomotive is obtained, by 
being relieved of the necessity of turning every axle in the train with 
ever)' revolution of the wheels, at a leverage of about 16 inches from 
the c*cntre of motion. This improvement seems to have great merit, 
and will doubtless find its way into universal use. 

Railway Car for different Gauges. — The following is an invention 
of Mr. Tisdale, of Boston, by means of which a car can be made to 
conform to two different gauges of railway tracks. The wheels are 
oiadtt to move upon the axle back and forwards by flanges, running be- 
tween two rails placed on each side of the truck, so forming a groove, one 
end of which is set to four fbet eight and one-half inch gauge, the other 
to five feet six inch ; by moving the car back or forwards in the groove, 
the whceb open or close together on the axle ; when they have come to 
the desired gauge they are fixed finuly and very simply by clutch boxes 
ftnd wed<:^s, which turn round by hand and lock with a slide key. 
When this is done the car is ready for use, 

IRON MASTS. 

Tlie Achilles, one of tlie new iron-clads of the British Navy, has 
3ecn fitted with iron masts. Of these the mainmast weighs no less 
Jian 21 tuns 12 cwt. ; its length being 121 feet 9 \ueW«^ <S3asfiP^' 
ihroe feet four incbea, and ieuj^ of head ^m Viovoida ^2^ ^<y^ ^ 
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mast 18 formed of three curved plates half an inch in thickness, wlddk 
form the skin or outside shell of each, the joint where the vertical 
edges of the plates meet being so fonned that the outsidcs of the masts 
show no ridges. Under each of the vertical joints three strong tic- 
irons are placed to which are riveted the plates forming the mast ; the 
rivets on tlie outside being countersunk or let in flush, the exterior of 
the mast consequently presenting a round and perfectly smooth sur- 
face. Experience has shown that iron masts last much longer than 
wooden, that they arc lighter and stronger, serve as valuable ventila- 
tors, and are also better conductors of electricity. If they are shot 
away and fall overlioard they will immediately sink, instead of floating 
alongside and fouling the screw, as is the case with wooden masts. 

Enormotu Iron Plate, — Messrs. John Brown & Co., of the Atlas 
Works, Sheffield, England, have succeeded in rolling an iron plate, 
six feet bv seven feet and thirteen and a half inches thick. The idea 
of maiiufacturing so enormous a plate originated, we believe, with 
Captain Inglis, of the Iloyal Engineers, with a view of ascertaining 
if It would be desirable to protect casemates with such a powcrim 
covering. 

TUE STRENGTH OF WROUGHT-IRON GIRDERS. 

The strength of wroupjht-iron girders has been critically examined by 
^Ir. Wm. Fairliaim, F.R.S. He says from his experiment it is evident 
that wrought-iron girders of ordinary construction are not safe when 
submitted to violent disturbances cfjuivalcnt to one-third the weight 
that would break them. Tliey, however, exhibit wonderful tenacity 
when subjected to the same treatment with one-fourth the load ; and 
assuming, therefore, that an iron ginlcr bridge will bear with this load 
12,000,000 changes without injur)', it is dear tliat it would require 3^ 
years, at the rate of 100 changes per day Iwfore its security was aP" 
fccti'd. It would, however, be dangerous to risk a load of one-third 
the breaking weight upon bridges of tliis description, as, according to 
the last experiment, the beam broke with 31*),00()<*hanges ; or a period 
of eight years, at the same rate as before, would be sufficient to break 
it. It is more than probable that the beam had been injured by the 
previous 3,000,000 changes to which it liad been subjected ; and, as- 
suming this to be true, it would follow that the beam was undergoing 
a gradual deterioration which must some tiuie, however remote, Lave 
terminated in fracture. 

WELDING BY HYDRAULIC PRESSURE. 

** Experiments have lately been made at Paris by M. Duportail, en- 
gineer, to ascertain whether iron might bo welded by hydraulic press- 
ure instead of by the sledgt^haiiiincr. Tlie latter, indeed, has not a 
sufficient impetus to reach the very <*ore of the metal, while continuous 
pressure acts indefinitely to any depth. In tlie experiments alluded to 
M. Duportail caused two iron bars, one and one-half inches in diame- 
ter, and lieateil to the welding point, to be placed between the piston 
and the top of an hydraulic press. Tlie bars were wehled together bv 
this means with extraonlinary case, the iron being, as it wen*. kneadeSl 
together, and bul^eO out at tlie sides under the pressure. The action 
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of the press was suspended when the part welded was brought down to 
the thickness of the bars. Afler cooling, the welded part was cut 
through to examine the inside, which was found perfectly compact. 
To try it, one of the halves was placed under a forge-hammer weigh- 
ing 1,800 kil., and it was not imtil the third stroke that the welding 
was discovered." 

Alluding to the above, the London Artisan says : — 

A highly ingenious form of hydraulic press for forging metals was 
also patented some time since by Mr. Bessemer. Its construction 
was as follows : — 

An ordinary ram of a hydraulic press is in communication through a 
pipe with the usual force-pump plunger, driven with a crank on a shaft 
provided with a heavy fly-wheel. The barrel, in which is working the s 
plunger, is unprovided with valves, and is continued as a simple pipe 
till it communicates with the cylinder of the press. The water between 
the plunger of this kind of pipe and the ram thus acts as a communica- 
tor of motion between the two, and they rise and fall through distances 
varying respectively as the areas of the plungers. It will be seen that 
the heavy ny-wheel does the principal work in compressing ; for as 
soon as the rams — the propelling plunger and the driven plunger — 
meet with resistance, the inertia of the heavy fly-wheel at once comes into 
play. We do not know whether this invention has been found suc- 
cessful in practice ; and a yet more recent patent of Mr. Bessemer em- 
bodies the plan of supporting the bearings of the bottom roll of mills 
for rolling armor plates on a hydraulic ram. This ram is in communi- 
cation with water pressure, which can be let on or off, as required, by 
means of a valve. In case the armor plate being rolled should stick — 
as oilen takes place — the water below the ram is let out, with the result 
of relieving the plate from pressure. 

It is scarcely possible to over-estimate the importance of the appli- 
cation of the hydraulic press for forging purposes, and it may be 
ranked almost as liigh in tne scale of practical improvements in working 
iron as the introduction of the rolling mill, and at least as high as the 
introduction of the steam hammer. It would seem to fit in with the 
recent inventions, giving us a command over the production of steel in 
large masses, affording, as .it does, means of working a substance of 
much more delicate manipulation than even wrought iron. Nor does 
the use of the hydraulic press seem to be confined to working of iron 
and steel in an incandescent state, as is evidenced in the remarkable 
production of steel tubes drawn cold by hydraulic pressure. 

MEW PLAN FOB THE PBODUCTION OF CAST STEEL FBOU PIG 

IRON. 

M. Cazanave, a French inventor, has recently devised the following 
new plan for producing cast steel directly from pig iron. 

The foundation of tliis new method is the influence of steam on a thin 
stream of pig iron. If we take an iron tube of a certain diameter with 
sides of the necessary strength, form a ring out of it, and fix on its cir- 
cumference towards the centre three or more tubes, we hsjtve^XxxVy^ 
ring with three or more radii. The radius is made ^ast lo \\\e XxiXsxAax 
pipe; the ends of those tabes j which are open, do not c^vX^x^^v^X.^ 
the ceatro of the Jing, and have, therefore, Wweeu i4i<ft ^u"^ wx ^\si^Vj 
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space, in wliich the pig iron is allowed to flow in a stream of a oerCiii 
strength. The stream let into the boiler from the tubular pipe flows 
out of the openings of the three tubes, and operates directly apoo the 




bon, sulphur, phosphorus, arsenic, and other bodies, with which it 
forms combinations of hydrogen. The carbonized and purified metal 
falls into a crucible or other vessel placed immediately under the appa- 
ratus. The metal obtained contains impurities, and must, therefore, be 
smelted in crucibles in a bhist or reverberatory furnace. This is the 
essential part of the process ; the simplicity of the method and the 
cheapness of the product are evident. 

'* Now arise the questions : Is it possible to obtain steel in Iai]ge 
quantities by this method; will it be of the same quality as the smali 
quantity obtained on trial ; and, if it is possible, at what price can it be 
obtaimMl ? 

*' In answer to these questions, Cazanave asserts that by his method 
steel can be obtained in great (quantities, not inferior to the best steel, 
and proportionately chea|)er : for his Ixist (luality steel can be obtained 
for jtl8 per tun. This is diffi('ult to believe, but the inventor affinni 
that it is so, and at the same time warrants the excellent quality of hii 
steel. In the present method of obtaining steel, good iron must he 
used, which is cemented, and the i*cmented iron, that is, the st«^ it 
smelted in crucibles. By Cazanave^s method cementation of the iron 
is avoided, so that the cast steel may be obtained in unlimited quanti- 
ties. If this new method turns out practicable, it will be possible to 
work up the whole daily produirtion of a blast-funiace into steel. For 
this only the apparatus is re(|uin;d, which is not very costly , and 
which would he erecte<l near the blast-furnace and stream of pig iron. 
The stream would be divided into rays of the necessary strength, and 
each one directed into an ai)paratus. By Bessemcr^s process about 
ten tuns of steel are obtained per day at SliefHeld ; wliile by Oacanave^i 
method GU and 70 tuns per day could be obtained, and a blast-furnace 
is being ercL'ted at Chark'roi wliich will produce about 74 tuns per 
day ! The samples of steel funiislied by this new process are report* 
ed to be very goo<L"^Co//icry Gtiardian, Eng, 

Absorption of Carbon btf Iron, — Mr. Caron, in a paper read before 
the British dissociation at its last meeting, stated that re(«nt experi- 
ments made by him, showed tliat iron may be m.ade to absorb any quaii- 
titv of carl>on by means of its oxide. Thus a gramme of oxide of iron, 
biing subjected to reduction in hydrogen, yielded seven-tenths of a 
gramme of pure iron. Tliis, atler iK'ing heated tor an hour iu oxide 
of carbon, weighed nearly a gramme ; alter another huur of the same 
process, its weight rose to a gramme and a half; afler a tliird houq^ to 
two grammes ; and so, until it reached the wei<;ht of three grammes 
after the sixth time. Nearly the whole of this increase of Height ii 
owing to the absorption of carbon, the rest being a very small propor> 
tkm of oxygen. 
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BKOUCTIOM OF CAST lEOS BY 8DFEBHEATBD STEAU. 



The following account orsomu higUy interustliig experiincnta on the 
dccurbonizatioD of cuat iron by suptrheattid eteam, i» reported to the 
Scieniijie Americait by the exputiiucuturd, ^lusara. DulHutd oud Hart 
of Detroit. Micliigan. 

Tbej" Btate that during the past year they comment^td a series of 
experiintinla opoo tliu siOion of iiupi^rheatt'd stuaio upou thu quality of 
iron, witli the Ibllowing point' in view: — 

1st. To aoe whether superheated steam could be used in the place of 
air, fur the ducarbdiiisatioii of the iron. 

2il. IT tlie I'liemical iutcrchange would Bet in between the hydrogen 
of Uie lill|)l!rh[^ttL'd ateatu and tlio sulphur, in combiiuttioD with the 
iron, tu lurai siilpliurettcd hydrogen gas, thus freeing the iron from 
8ui;h a dtli:ti?rious sub^tauee, and uirreet perfeixly what ia teehnieatlj' 
known as red shortncos. 

3d. To see if the oxygen, if liberated, would unite with the carbon 
in the iron, produotni; an intense oDuibusCLou as tuuch increased in in- 
tensity, as tbe ratio of oxygen to the hydrogen in steam exceeds tbo 
ratio of oxygen to hydrogen iu the atmosphere, the iattvr principle be- 
in^ involved in the Bessemer or pneumatic method of making steel. If 
the superheated steam process was sut'cessful, it would do away with 
the bfcjwing engine, as the presaure would be derived direct frooi the 
boiler, thus economizing the expense of the engine, and the cost for 
attendance, &c. 

Ab this matter was solely theoretical, and wo could not say how it 
would act until (iurlj tried, apparatus was devised for teatuig the 
matter thoroughly by esjierimeut. Tiua eonsiati>d of a coil 34 feet 
long, I pipe, coiled within a, loot circle. Around this was built 
a lUnkscc, where a bright red heat could be brought upon evei^ 
portion of the coil, by means of charcoal ; the furnace was connected 
with the main boiler in the laboratoiy, by a pipe, in such a wjiy that 
the condensed Bteam would not have to traverse the coil. From the 
coil the pipe led to a Sefstroms Himace driven by a Ian, containing ■ 
crucible holding a sufficient quantity of molten cast iron, combined 
with B krgo pruportiun of sulphur. Into this, while in a liquid atate, 
with steam at a temperature ol 1 ,300° Fahr. , the tuyere at the end of 
the steam pipe, transmitting tlie superheated steam, was lowered into 
t]ie metnl. We were disappointed that the molten iron did not evolvo 
gases, and burst into vivid combustion. We were aware that ordina- 
ry steam cooled the metal, and therefore was inapplicable lor nse 
ui the temperature of iron ; but we had hoped tliia imgnt be due to the 
onlinary aqueous vapor carried forward in the awift mechanical cur^ 
rent of the steam, aud thought if we could deprive the steam of ita 
moisture, — that ia, make a perli^ctly dry steam, — that this objection 
would cease. Such prove<l to be by our experimenia a false deduc- 
tion, lor so soon as steam was introduced, tlie molten metal passed in- 
to a semi-lluid and then a solid state. When the steam was first bronght 
in contact with the metal, the iron had the appearance of boibn? 
■nd waa rapidly chilled. Aa no vivid eombuatiou act in, we consif 
wed thai it was due entirely to the mechanical disp\a.uein«nt im&m 'fioi^ 
toree of steani. We read iu tejtt-books lliat iron at a. nii\ifcaX Aecom- 
' ;fMwM waOir. We liaro not auccetidcd in proylng ilia ia«insBow!Bna«w 
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to be to such an extent as would render it aTailable in tlie axti, for u 
quirkly coolod is tlie iron that the decomposition ia so amall as to bs 
nearly iniiK'n-eptible. 

We could reasonably infer, if the superheated steam was decom- 
posed by contact -with the molten iron, tnat an oxy-hydrogcn mixture 
on a grand scale would be fonned, and a small Tolcano, generating la 
intiMitte licat, l)e created. In order to modify this intensity, ordinaiy 
steam could have 1)een introduced along with the supcrlieatcd steam, 
tlicn the lu'at generated would be under the control of tho operator. 
Wi; tried melting the iron under the flame of the oxy-hydro^cn bbw- 
pitK^ ; a bead was formed, wliivh was metxdlic iron encased m a ifaeU 
of oxide of iron. Here tlicre is another point to be viewed, yiz: the 
iron in the mixed gases is rapidly oxidized, and loss of metal to a 
great extent incurivd. Unfortunately for the iron manufkctnrerv, the 
pby of aflinities between the elements of steam and iron, with its im- 
purity, &rv iu the wrong direction; combustion is not aceelenUed, 
chemical decompositions do not set in, from the fact that the tempers- 
ture is rapidly lowen>d, for reasons already given. Since making the 
alx^ve cxiH'rimenUt, information relative to the patent lately taken out 
by Mr. Varr^', of England, on this subject, has reached us. Ilii 
mctli(Kl is to mtrxKluce steam as well as air into tho molten iron. The 
steam is introduced until the metal is brought to a semi-fluid oonsistn- 
ex, and then shut off, and air forced through, which again increasei 
the U'miKTatuns these alternate exi>08ures of the molten metal con- 
ducing to desulphurize and purif^* the metal. From the expcrimenti 
we have alr(>adv detailed, we are forced to conclude that the super- 
heatf*d steam elaimed by JVIr. I'arr}- to purify the metal, has had a^ 
tril tilted to it the benefits derived fi*om the air blown through; and he 
has unwittingly placed to the cn>dit of the steam, what should have 
bc'(?ii crcvlited to air. With all the facts we have learned from other 
soiin*<>s, added to those we have derived from practical experiment, 
we an* of the oiiinion that, as yet, the pneumatic or Bessemer proccsi 
is sii)N'rii>r as regards economv, practical working, and ease with which 
it is managed. We are also led to the firm conviction, deduced from 
our exiM'nments, that the role played by superheated steam, is A more 
ininginary one ; it does not desulphurize to any extent, or to one half 
tlu; rapidity that the pneumatic process does ; but, in fact, if any 
chemical action takes plai'c, it is the oxidation of the metal. 

These results are submitted, and are not intended to cast a Uight 
on future experiments, but to show tliat steam or superheated stesm 
(hies not play such an im|X)rtant part in the iron manufacture as many 
have sup})08ed. 

THE TRESKRVATION OF UETALS. 

Tlie preser\'ation of copiMT and iron in the sea has been made the 
subject of long research by M. Dccfiuerel, who has submitted a 
memoir to the Academy of Sciences at Paris. The causes of the in- 
jun' (imrchanical, physical, and clumical) influence all the diemical ^ 
aciioiis and lend t4) the produdicm of electricity by means of isolated / 
voltaic pairs. Afler considering the important experiments of Davy I 
and others in regard to copjx'r sheathing, M. Beccjuerel describes tliie ^ 
careful method which he adopted iu o\>ier Xo <\v!VAiTt»\vk& \hi^ amaont of I 
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electric Ktion reqnired to decompose a niiligrimine of water, and to 
asi'ertajn the <?loctric statu of all Ihe ports of a prntcned metal; and 
tiiiu tu Gail the lavs on wiikh a systeia of protection migliC be based. 
In order to condmtt these cxnuriiucnts on a large settle, the Imperial 
Minister of the Marine plaecu at M. lieoquerel'i dispoiial nil themeans 
de&ired, iritb tbe assistaneo of tfao most (uuinanC naval enginoen in the 
piirt of Toulon. The result of these experiments show, with raganl 
to cupper, that, as on every metallic surtiieo, there circulates by the 
intvrmmliate liquid which wets it, curraats producing Glectro-ehemical 
(Icooniposition ; if we wish to preserve a surface so as to avoid these 
deposits we must ann the aurface with an electro-ntotive power equal to 
tliat poiut at which these depoxtts become insensible. For this pur- 
piise lamitue of iron and zinc have been employed. Lamioce of cop- 
per, anneil with iron, and Inminie of iron protected by zinc, present 
eimilar effects, with the dilTcrcncc tliU the sphere of electric activity 
U less, where the extent depends on the dilfcrcnco between tbe elei'tro- 
motive forces (iT the protecting and protected metal. Whenever the iron 
is covered with several cunts of whiui lead it is preserved so longBs tho 
p^int remains; but when it is once removed, either br Irictioa or tbe 
alow dissolving action of the sea, the metal is attacked in various parts; 
those which have lout tbe paint become negative and the local altera- 
tions arc grailually disseminated. AL liecquerel tntsts that the means 
pn)|ioaed will bo found to be successful in prei>crving vessels Irom tha 
action of sea-wuter and irom ihe attachment of marine animals. 

In a subsequent comniunicatiou to the Academy, M. iJeeiiucru] made 
«Dmc additional statements relative to his researches. He stated that 
be lutd considered that he had demonslmteil tluit when one of the ox- 
trcuiities of a bar of iron or steel is placed in saltwater, in contact with 
a bar of zinc, the surface of which is a hundred times less, the iatensitjr of 
the currents derived Oom the surface of the protected metal, which re- 
sults from the oxidation of tlie zirie, diminishes in proportion as it be- 
<?oines more and more distant from the points of contact of the two 
inctttls ; ao that protection takes place at considerable distances. In 
fresh water tlicelTects arc very diOerent. The derived currents, which 
arc the cause of tlie prescrv&tiun of the iron as well as the electro-motive 
force, lose tbeirpoirer. Tiiey, however, still retain sufficient to preserve 
from oxidation large surfaces of iron formed of pieires superposed on 
each other, or juxtaposed and armed with zinc or a suitable alloy. In 
conclusion, M. Becquerel asserts that if iron or steel be placed in either 
fresh or soil water, so tliot tlie curve of the intcnitities of the electro- 
motive force derived from contact with zinc shall never meet the ri-rbt 
line of the iron, the iron is protei'ted. The process is also adapted to 
thu preservation of iron water-pipes in wet earth. 

Tiie Profecfion of Irom Bridge* from Oiidaiion. — A new iron 
liridgu of the Thames at London is to be protected from oxidation by 
a new process patented bf Alcssrs. Morewood & Co., and is alike int- 
portant from the great cost which wiU bo incurred, and the testing of 
a rather abstruse chemii'ol formula for the preservation of iron from ox* 
idation and decay. The process is as follows: "The iron is to b« 
iJiorounrhly cleaned ouil heated tu lite rcrjuisile temperature in a fur- 

leo plannud by the inventors. When this temperature is attatiuvl, -S^ 

ta b« plui^fed into a bath of prussite uf ^lotasU ami cUton&K i;^ fcU 
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mum, in a molten state, so that when the iron is withdrawn it may 
easily part with the surplus of the aforesaid chemicals, which should 
run ou like oil. The iron is then to be dipped into boiling water, con- 
taining a certain proportion of cyanide of potassium ; from thence it is 
removed to a bath for a final washing, and set up on end to dry. All 
the processes are to be carried on under cover, and before exposure to 
the atmosphere the iron is to be coated with an asphaltum pamt twice, 
at given intervals ; and again it is to receive two coats after fixing. 
Of course all the necessary planing, drilling, and fitting is to be done 

Ercparatory to the indurating. The time tlie iron is to remain in the 
ath will vary from one to five minutes, according to the weight of tlie 
metal to be operated upon. The elaborate character of the process 
to which the contractor is rigidly bound, will account for the lai^^ sum 
to be expended in carrying out this part of the work ; £4 per tun is 
allowed to the contractor for the induration and painting; Messrs. 
Morewood will receive from the contractors 5s, per tun as their royalty, 
which it is estimated will Ikj £1,000. Thus £16,000 is to be spent m 
this effort to prevent oxidation, no greater proof of which, in its 
damaging results, can be offered than the case of the cleaning of the oxide 
(or rust) from the Menai Bridge, from which has lately been removed 
above 40 tuns of oxide of iron.^^ — London Mechanics^ Magazine. 

Prevention of Rnst on Iron. — Many a valuable hint is to be ob- 
tained from an intelligent practical laboring man, wiruth may lead the 
philosopher into a train of ideas that may, perhaps, result in discov- 
eries or inventions of great importance. When bricklayers leave off 
work for a day or two, as from Saturday to Monday, they push their 
trowel in and out of the moist mortar, so that the bright steel may l)e 
smeared all over with a fihn of it, and find this plan an effectual reme- 
dy against rust. In Wrcn^s Parentalia, there is a passage bearing 
upon this subject: *' In taking out iron cramps and ties from stone- 
work, at least 400 years old, which were so bedded in mortar that all 
air was perfectly excluded, the iron appeared as fresh as from the 
forge." In the viiitualling department at Plymouth, some years ago, 
I oljserved a man limc-whiting the inside of some iron tanks, previous- 
ly to their being filled with water for the service of the crew and pas- 
sengers during a voyage: this was to prevent the iron rust af- 
fe(!ting the water. In London, I have also recently seen men, with a 
tiil> of lime-whiting and a mop, smearing the inside of large water- 
pijms, as security against rust. Oxygen, which is the main cause of 
rust, is abundant in the composition of both water and the atmos- 
phere; and that quicklime has an astonishing affinity for it is 
evinced in the homely practice of preserving polished steel or iron 
goods, such as fire-irons, fenders, and the fronts of ** bright stoves," 
when not in use, a little powdered lime beaten upon them out of a 
inu<4lin bag bein^: found sufficient to prevent their rusting. Another 
instance, very different and far more delicate, bearing upon the same 
principles : the manufa(*turcrs of needles, watch-springs, cutlery, &c. 
generally introduce a small >acket of quicklime in the same box or 
parcel with polished steel goods, as security from rust, before sending 
it to a distant customer, or stowing it away for future use. These 
cases are extremely curious, be "ause, as a gen<»ral rule, bright steel 
or iron has a most powerful affuiity for oxygen ; consequently it if 
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▼cry readily acted upon by damp, and ia mated in a abort time, either 
by decomposing the water and obtaining oxysen from that aource, or 
direct from the atmosphere. It is not absdutcly essential that the 
quicklime should be in actual contact with the metal, but if some- 
where near, as in the case of the parcel of lime packed up with the 
needles or watchsprings, the bright metal will remain a long while 
without the least alteration in its appearance ; the lime (which is al- 
ready an oxide of calcium), either receiving an additional dose of oxy- 
gen, or being converted into a carbonate of lime. — Mr. C, E, SnUth, 
in Builder. 

New Process for coating Metals, — At a recent meeting of the 
French Academy, a communication was read by M. Weil, •* On New 
Processes for Covering Metals with Firmly Adherent and Bright Lay- 
ers of other Metals.^ The method consists in dipping the metal to be 
coated in a saline solution of the metal to be deposited, rendered dis- 
tinctly alkaline with potash or soda, and mixed with some organic mat- 
ter, such as tartaric acid or glycerine. At the same time, it is neces- 
sary in some cases to set up a weak voltaic current by keeping a piece 
of zinc or lead in contact ^vith the metal. In this way the auUior ob- 
tains a firm layer of copper, or iron and steel, and procures various 
and beautiful effects according to the thickness of the copper depos- 
ited. Silver, nickel, and other metlas can be applied in the same way. 
The process, it will be seen, is susceptible of numerous applications. 
A curious fact mentioned is that a clean surface of copper may be 
coated with zinc by pladng the two metals in contact, in a solution of 
caustic soda or potash. In the cold the deposit of zinc takes place 
slowly, but at 100° it is effected rapidly. 

ON THE PRESERVATION OP WOOD. 

The following composition is recommended to protect the bottom of 
posts, palings, and tubs set in the earth : 40 parts of chalk arc add- 
ed to oO parts of resin, and four parts of linseed oil, melted togeth- 
er in an iron pot. One part of native oxide of cop^r is then added, 
and one part of sulphuric acid is cautiously stirred in. The mixture 
is applied hot with a strong brush, and forms, when dry, a varnish as 
hard as stone. — London Chemical News, 

Preservaiive Action of Sulphate of Copper on Wood, — The exper- 
iments of AI. K6nig have demonstrated that the sulphate of copper 
deprives wood of the nitrogenous matter which acts as a ferment, this 
matter being found in the solution of the copper. At the same time a 
combination of resin and copper is formed, which closes up the pores 
of the wood and preserves it from the action of the air. The wood, 
however, is still susceptible of decomposition, in consequence of the 
variations of temperature and humidity. M. Weltz, while occupied 
with the solution of the last questions, has arrived at the following 
conclusions : He has remarked that the wood gradually blackens as 
the layers of metallic copper are produced on it. The sulphate of 
copper is fixed in the wood : this salt decomposes itself into metallic 
copper and sulphuric acid. The Litter chars the wood, and it is 
through tliis layer of charcoal, the preserving agency of which baa 
been so oflen remarked, that the wood is enabled to reaUx \ib& v:X^<^^ 
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of humidity. M. Wdtz^s ideas are confirmed by tbe following ftct : 
In the south of Spain there exists an ancient copper-mine (Mina de 
Riotonto), which dates from the first vcars of the Christian era. The 
woodwork which sustains the ^lerics, is still in a perfect state of 
preservation. It is charred, a circumstance which is explained by tiie 
quantity of crystallized sulphate of copper and of metallic copper in 
regulus which covers it. The wood has remained exposed nearly 
18 centuries to the action of the atmosphere and its humidity, hav- 
ing been charred by the sulphate of cojpiner while depositing metallic 
copper on its surface. — Bepertoire de Chimie. 

NEW METHODS FOR FRESERYINO MEATS, FRUITS, VEGETABLES, ftc. 

At a recent industrial exhibition at St.* Fetersbur]^, the following 
mode of prcservinp^ fruits, invented by the matt re d'hotel of the Grand 
Duke Nicholas, attracted great attention. Quicklime is slacked in 
water, into wliich four or five drops of creosote for each quart of 
water have been mixed : the lime must be neither too much nor too 
little slacked ; there is a certain knack which practice alone can teach. 
Take a box and lay in its bottom a bed of the slacked lime, above this 
spread a layer of the materials to l)e preserved ; at the four angles and 
elsewhere lay packages of powdered charcoal ; then make another bed 
of the lime, followed by another layer of the fruit. When the box is 
full put on the lid, and close it air-tight. Thus preserved, the fruits 
will last a whole year. — Cosmos. 

A new process for preserving uncooked meat, recently brought out 
in Europe, is to extract the atmospheric air by means of a vacuum, 
and then to admit nitrogen or azote. This permeates the substance of 
the Uesh, and prevents the putrefactive changes which would otherwise 
ensue. 

Pagliari Process for Preserving Meat, — A new process for pre- 
©erving meat, proposed by M. Pagliari, has been reported to the 
Academy of Sciences by M. Pasteur. It consists in enclosing the 
meat in a layer of benzoin and alum, a mixture at once anti-hygro- 
metric and antiseptic. The meat thus enclosed and abandoned to the 
air loses the greater part of the licjuids wliich, by their tendency to 
decompose, contribute most actively to putrefaction. In the office of 
the Academy were deposited a leg of mutton and several other pieces 
of meat, which had been sent from Italy. The mutton had lost much 
of its freshness and gave out a little odor ; but a fine piece of beef 
did not give the least sign of alteration and seemed to preserve its 
original freshness. 

Morgan's Plan of Preserving Meat, — ^The following plan of preserv- 
ing meat has elso been ^devised by Prof. Morgan, Professor of Anat' mv 
in the Royal College of Surgeons Ireland, and by him is explained 
in a recent number of the (Dulilin) Agricultuml Review. In this paper, 
afier arguing that suited meats cm^e scurvy and other diseases in conse- 
quence of ihe pliosphoric acid and other substances being removed by 
solution in the brine, he says : — 

*'I shall first d3taii the modus operandi of my process. The animal is 
killed in the usual manner by a blow on the head, causing instantaneout 
death. It is then turned on the back, the cheat o^^ened, tke ba^of peii* 
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cardiusif containmg the heart, openecL The right tide of the heart, into 
which all the venous or retumiog bload enters, is seen distended ; the 
ear or right auricular tip, as most convenient, is o))ened, or its tip cut oil^ 
or an incision made into the right ventricle ; another also directly into the 
left The animal is turned on tl'« side to let the blood run ouL A pipe, 
furnish^ with a stop-cock and coupling at the outer end, is now intro- 
duced into the incision made in the left ventricle, and makes its way at 
once into the a«^rta. The fingers holding a piece of stout cord, are now 
passed round the aorta, close to the heart ( including nt the same time the 
pulmonary artery ) and the cord is tied strongly over both, so that the 
pipe is fixed in the aorta firmly. To the outer end a coupling, con- 
nected with an India-rubber or other tube, } of an inch in diameter, 18 to 
20 feet lonjg, joins this to a vessel or tank elevated to the hight of the 
length of the tube ; brine of ordinary strength, with a little saltpetre dis- 
solved in it, is let on ; it directly (under 15 seconds in most cases) rushes 
out at the inci&ion made either in the right auricle or ventricle before men- 
tioned. About five gallons will suffice. This clears the smaller vessels 
for the next stage, which is the essential one. The brine so used can be 
recovf'red if desired, by adding a little old brine and heating. The materi- 
als to be ultimately used are now put into the tank, taking care that they 
are strained, and a stout clip or clamp is put on the incision in the right 
aide of the heirt The fluid is then turned on, and directly m ikes its 
vnxy to the right side, as l)efore; but its exit being now prevented, and iis 
admission into the smaller vessels being secured by the first process of 
clearing these vessels, as mentioned, the fluid, by the pressure and capil- 
lar)' attraction if minute vessels and muscular fiber, jiercolates through 
every particle of the animal, and can be seen at the moment difiusing it- 
self in any part, by making incisions in the hide, horn, bone, and flesh, 
or any other parts. The quantity I use is about one gallon of brine to 
the cwt, a quirter to half a pound of nitre, two pounds of sugar, a 
little spice, sauce, etc., to taste; also half an ounce of the mono- 
phosnhorio acid, which, having the power of coaguliting albumen, and 
forming a compound with it, retains this very desirable element in the 
flesh, and gives an extra supply of phosphoric acid, which is, of course 
at present denied the sailor, as above stated. The use of boiling brine in 
the second stage I also ad\'ocate, as it coagulates the albumen, or gives a 
set (as it is called by cooks) to the meat. It is needless to remark that 
the entire animal is cured almost instantaneously. 

•* I would now draw attention to the further treatment of the flesh re^ 
ferring to— Ist, the method scientifically used ; 2d, the advantages attain- 
ed ; 3d, the mechanical advantages ; if we now consider the first part of 
the process compbte. 

** The animal is in a few hours cut ub into the eight-pound pieces re^ 
quired by the navy, and is ready for casking in the usual way, or in dry 
salt (all expense oT preparing being done away), or for drying by being 
transferred to a drying-house (as in the specimens for inspection). It is 
obvious that it loses none of those materials abstracted by the present 
method of salting, so that the meat is a^)solutely perfect, as in fresh meat 
without water, having, as I hold, t'le additional advantages of salt, which 
the weight of authorliy is in favor of rather thin agoin.st, and of sugar, 
now issued to the navy, alon^ with the lemon juice ; the use of sugar Lie- 
big shows plainly is for the formation of lactic ac\d (^\ivci\v^ «:^ \£L«odaKmA 
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before, he h&s found a^<«tracted by the brine), and a mont esuentiml com- 
pound, not only of muscle juice*, but of g^istric juice as well aa an important 
re8)>irutory food. I would Ktip^gest the use of * saeur kr lut/ or ^ome other 
vegetable product containing Iictic ucid, or lactic acid iu^elf. Su^^ar is in 
an economic ]X)iiit of view, Rpcci.illy advantigeous as it is abiut two-thirds 
the price of meat, or less, while it improves the flavor and keeps soft the 
flesh, aiding aUo in the preservation." 

ON THE PaESEBVATION OF HEAT. 

The following is an abstract of a lecture on the above subject recently 
given before the Society of Arts, London, by Prof, Grace Uilvert. 

Preservins; Meat by Cold. — A low temperature is most favorable to 
the pre^rv ition of flesli and other anim.ii substmces, and under that 
condition it will not enter into putrefaction, the Dest proof of which is 
that elephants in a perfect state of i)reservation have oeen found in Si- 
beria buried in ice, where they have doubtless existed for many thousands 
of years. 

Preserving Meat and Vegetables by Drying. — A high state of defe- 
cation or dryness also contrii)iites ])owerfuliy to the prevention of decay. 
Thus in Buenos Ay res and Monie Video meat is cut into thin slices, 
covered with maize flour, dried in the sun, and it is consumed largely, 
under the name of tasago or charke, by the inhabitants of the interior, 
and also by the black population in Brazil and the West Indies. Fur- 
ther, dried meat reduced to j)OW(ler is used by travelers in Turtary and 
adjacent countries. A remark ible instance of the preservation of animal 
matter by extreme desiccation is related by Dr. Wefer,'who states that 
in 1787, dnring a journey in Peru, he found on the borders of the sea 
m iny hundi*cds of corpses slightly buried in the sand, which, though 
they ha«l evidently remained there for two or three centuries, were 
pericctlv drv and free from putrefocti m. I will also mention in this 
connection the process of M. M. Masson & Gannal, for the preservation 
of vegetables, which consists in submitting the vegetables for a few 
minutes to the action of high-pressure steam (70 pounds to the square 
inch), then drying them by air heated t«i 100°; when, after compression 
by h)draulic pressure, they are made into tablets for sale. When 
required for use it is only nccessar)' to place the tablets for five hours 
In cohl water, when the vegetable substances swell out to their former 
size and appearance, and are ready for cooking. 

By excluding the Air. — As the presence of oxygen or air is an 
essential condition of putrefaction, the consequence is that many methods 
have been invented to exclude that agent, or rather the six)rule8 or 
germs of cryptogamic plants or animals, which are the true ferments or 
microscopic source of fermentation and putrefaction. Permit nie to 
describe concisely some of the methods proposed ; and I believe that 
one of the best processes for excluding air was that invented by Appert, 
in l?5o4. It consists in introducing the meat or other wnimal substance, 
with some water, ii>to vessels which are nearly closed ; these are then 

I)laced in a large boiler with salt (which raises the boiling point of the 
iqu >r), and the contents of the vessels are kept boiling tor about an 
hour, so as to exclude all air, and destroy, by the high temperature, all 
the sporules or germs of putre^tion they may contain, when they an 
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hermea'ouDf olosed. M. A|)pert ha* iuiproveJ this prores* in placing 
the ])re;iar<'d le^wU in a closed boiler, ny which mraDi he raises Ihe 
teiiif]eRiIuie (by pj'e4.«ure) to "ISi", effecting thus the itante purjKxe 
r rupitily and eciinomically. To gve jou an idea of the extent 



vf tbiH tra ie, I m ly etale ibat M. Appert girep.ued over 500,000 jwuDda 
of men for llie French army in the Crimea. I am awjre th-.it many 
mndidcitioDs have been apphed lo ibis process, but I Hhnll only mention 



thai of Mr. G. McAll. who odils to Ihe previnuH principle of preservation 
c mnnl) quantity of lulpbate of Boda, well known to be s powerful 

The jireservntion of aninwl and vegetable subatancea by the oxclu- 
sion of air and cryptogamic sporules is also effectuil by othi^r methods 
ttian tiiose above described ; for inatancc, they are embedded in oil, or 
in glycerine, or in saccharine sinipa. 

It baa also been proposed to protect animal matters by covering 
tbeir external surfacci with coatings imperaicsblc to air. Two ui 
the most recent are the following ; M. Pellctier baa proposed to 
eovcr tlie animal matter with a layer of gum, then immerse it in ace- 
tate of alumina, and, lastly, in a solution of geladne, allowing tlie 
whole to dry on the surface of the animal matter. The cbaructeriatic 
of Ibis method is the use of acetate of alumina, which is not only a 
powerful antiseptic, bat also forma an insoluble compound with gula- 
line, thus protectin°; the animal matter from external injury. M. 
Pagliari has lately mtroduced a method which is stated to cive Tery 
good results. It conaista in boiling benioJn reain io a solution ol 
alum, imiocraing the animal matter in the solution, and driviu" off 
' ' ' ' It of hot air, which leaves the above 



mbv.c, 
ontiseptica on the animal matter. 

Bi/ Smoke and Carbolic Acid. — It Is scarcely n 
tion the eld mctbod of using smoke arising from the combustion of 
varioua Linda of wood, except to state that in thia case it ia the creo- 
sote and pyroligueous acids which arc the prcacrvative agents. Tha 
preservation ot animal matter by a ven' similar action ia effected liy 
tiie use of carbolic acid, a product obtained from coot tor. It la 
luueb to be regretted that thia subataaee, which la the most powerful 
antiseptic known, cannot be maile available for the preaervatioa of 
food, but there can be no doubt that, for the preservation of organic 
substances intended fur use in arta and maniifacturcs, no cheaper or 
iii'im tsffective material can be found. For example, I have ascer- 
Liiui..d that one part of carbolic acid added to five thousand parts of 
a atrong solution of gluu will kee]i it perfectly sweet for at least two 
rears, and probably for on indeGnitt> period. Also, if hides or skins 
are immersed for 24 hours in a solution of one part of carbolic acid 
to ^1 of wati-r, and then dried in ttie air, tliey will remain <juite sweet. 
l>i (.kct, hides and bones so prepared Imve been safely imported 
from Montii Video. From these facts, and many others with whii-h I 
am acquainted, I firmly believe that this substance ia destined within 
a few years tu be largely used as an antiseptic and disinfectant. 

Ifll Salt and Unit. — I need hardly speak of tlie power of diloride 
af Fiidium. or common salt, in preservmg animal mattei-a, and it ia 
highly probable tliat the process of Air. Morgan of Dublin (desetilivd. 
tu the precediuy article, Ed.) is likely lo W ol (jrtto a'c\NWt. SA 
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the list London International Exhibition, Messrs. Jones and Tre- 
Tcthick displayed some meat, fowls, and game preserrej by the 
following process, which received the approbation of the jurors. 
Meat is placed in a tin canister, which is then hermetically closed, 
with the exception of two small apertures in the lid. It is theo 
plunged into a vcftsel containing water, and after the air has been 
exhausted through one aperture by means of an air pump, sulphur- 
ous acid gas is admitted through the second aperture and the alter- 
nate action of exhausting the air and replenishing the sulphurous 
acid gas is kept up until the whole of the air has been removed. The 
sulpliurous acid gas, in its turn, is exhausted, and nitrogen admitted. 
The two apertures are then soldered up, and the operation is completed. 

IMPBOVEHENTS IN BEEF rACKINO. 

Some important improvements in beef and pork packinj? have re- 
cently been introduced by Messrs. A. E. Kent & Co. of Chicago. 
Ilitlierto the cutting of beef for market into mess, extra mess, prime 
mess, India mess, etc., has been done by hand, — by single man power,— 
but recrentlv Messrs. Kent & Co. have introduced into their establish- 
ment circular saws and steam power. Two large saws have been 
erected which are driven by steam, and these saws are made to do the 
work of upwards of 2() men with handsaws, and in a much neater and 
Ixjtter manner tlian fonnerly. The application of circular saws in cut- 
ting beef has been experimented witli repeatedly by others, but it has 
never met with success until now. The great difficultv to be over- 
come was the ('logging of the saws with the meat, so that no power 
could Ixi applied that would make them work smoothly and regularly. 
Thanks, however, to Yankee ingenuity, tliis has been overcome. Be- 
sides the main table on which the saws are placed, a false table has 
be(»n erc*(!ttMl, running on rollers, so constructed that when the saw 
passers tlin>ugh the quarter of beef, the divisions of the table gradually 
snread, and this keeps the meat Irom interfering with the progress of 
the saw. The invention is very simple, but none the less valuable be- 
cause of its simplicity. A whole quarter of beef is placed oo thia false 
talile, which is pushed against the saw, and, as the sawing proceeds, 
the table gradually spn^ads, so that the only part of the saw which is 
tour bed with the meat is the edge. 

To ti'st the labor-savin<^ qualities of this improvement, the product 
of ten head of oxen was placed on the table, to be cut into mess beef; 
the inanag<»r t«>ok his watch in his hand, and gave the order to start. 
Away went tluj saws whirring, and quarter after quarter of the beef 
disappeared after liaving been cut into small pieces ; and in exactlv 
SIX minutes from the time of starting, the whole ten head of oxen were 
cut. Now, this was all done with two saws and six men, who fed 
tbcm and took off the pieces as they were cut. At this rate, those 
two saws and six men could cut up 1,(KX) head in ton hours. This 
shows the capacity of the improvement when fully tested. But with 
ordinary running, the two saws and six men can more easily cut 500 
beeves per day, than could 15 men 200 per day bv the old handsaw 
rocess. ' 

Hero then is a saving of more tlian one-half the labor, and about 
fo-lhirds ol the time usually employed, axid «\ao «l ^c^ Vnv^t^^^^ 
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menl in tlic minner of cultias- WUen offering mass for wle tlio in- 
spi.<ciora are pirtiuular in seuin,^ thit the piu:es are cut squiro nad 
Bui'joth. U tlii^y ans oat. lIiL-y aru rujyjtL-i ani brxiii-J inforior. 
TluH iJAma^tv tbu gain, am) tlu ovmar meurd a Ion thuruby. Uy tlia 
■pplicatiaii of these laws, every jiicce is cut alike, — tbure are no hi^- 
gl«l pieces, no nigjjed edges,— every pleoe is cut sinuotb, and eluan, 
and square. In ttiis respei't alone, not to apeaW of the labor saved, 
Ibc inveiUion U n lujjbly valuable one. — ScLaUific Aia^ican. 
UTILIZATIOX OF BRIXE. 
At a recent meetins of the Glaajow Piiiloaophical Society, Mr. A. 
Whilclatv read a piper giving an acoount of a protean discovered by 
hiui Ibr utilizing the brine of salted meat by moans of tbe process of 
dialysis. Wbcn ft^sh meat, he said, bad been sprinlded with salt fur 
a feiT days, it was found EvviinmiQg in brine. Fresh meat contaiocd 
more Uiao | of its weight of ivnter, which was retained in it 
as in a spou^. But Sesh had not tbe power to retain brine to tlut 
extent, and in sitniior circumstances it absorbed only about half as 
uiui-h saturated brino as of wotvr, so that, uudur tbe ai-tion of Halt, 
flesh allowed a portion of iu wjiter to Uuw out. This exjiclled water, 
as utigbt naturally be expected, was saturated with the solutiltj nutri- 
tive ingredients of tbe desb; itwas, tu fact, jotee of flesh, — soup, with 
nil its raluable and rextorative iiro|ierties. In tbe lar^ curing estab- 
lifibments of this city very considerable nuantitics of this brine were 

froUuceil and thrown away as uaelesa. 'iliia was the material to which 
Ir. Whitckw has applied the process of dialysis, and he thought 
with suecess, for the removal of tlie salts of tbe briuo, and for tbe 
produi.'tion, ata elmaprote, of pure G-cah extract of meat. His process 
lie stated as follows : The brine, after being lill^^red to free it from 
aoy partides of flesh or other mechanical impurities it might contain. 
ivas then subjected to the operation of dialysis. The vessels or bags 
in which lie eonUuctod the operation might bu mode of various mate- 
rials and of many shapes ; tut whatever might be their material or 
sbape, he called them "dialyBcrs." Such an apparatus as the foilow- 
uig would be fouml to answer tlio pnrpusc : A stjuare vat made of a 
fraiuc-work of iron filled up with slieets of skin or parebinent pajtcr 
in «uch a way as to be watcr-li^ht, auil strengthened, if necessary-, by 
stays or slTaps of mctul. The sides, ends, and bottom being cocoposud 
bf this soft diolj^ing material, exposed a great surface to the action of 
the water coDtaiDcd in sa outer vat, in which tbe diolyser was placed. 
Ho I'lUnd a scries of ox-bloddcrs fitted with stop-coclis, or gutta-pereba 
nioulh-tubcs, and plugs, and liun^ on rods sLretcliing aeross and into 
rata of water, a very cheap and eSectfre arrangement. Ue could 
cl«u employ skins of animals cither as open bags or closed, and fitted 
with stop-cocks or bags of double doth, with a layer of soft gelatine 
btcrapursed between them. Other arrangements would readily sug- 
cust themselves, and might be adopted according to cireumstanccs. 
Dut Hupposing the bladdirr arrangement was taken, which bo thought 
would be ibund praetieally the best, being cheap, easily managed, and 
isine a great surface to the dialylic action. The bbddera wens 
' with thii filtered brine by mean^i of fillers, and bnng in rows an. 
across and siwpeoded into vals of walui. T\kQ '«s.\«.t \a "Cgqia 
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Tats was renewed once a day, or oflener if reauired, and lie foond 
that actually at the end of the third or fourth day, according to the 
size of the bladders employed, almost all tlie common salt and nitre of 
the brine had been removed, and that the liquid contained in the 
bladders was pure juice of flesh in a fresh and wholesome condition. 
The juice, as obtained from the ^'dialysers,^* might now be employed 
in making rich soups without any further preparation, or it might be 
concentrated ]^y evaporation to the state of solid extract of meat. 
l^Ir. Whitclaw, at this stage, re(;[uested a friend present to heat a 
portion of the juice of flesh so as to produce a soup, and ho asked the 
members to taste it and experience the result. He also had prepared 
more carcfullv a soup from the brine, to which he directed attention. 
(Both were found to be very palatable.) The brine used, he contin- 
ued, was from one of the most respectable curing-houses in Glasgow, 
and was perfectly pure and wholesome. The liquid from the dialysen 
might be treated in several ways. It might be evaporated m an 
enamelled vessel to a more or less concentrated state, or to dryness, 
and in these various conditions packed in tins or jars for sale. It 
might be concentrated at a temperature of 120°, by means of a 
vacuum pan or fonn. Again, the more or less concentrated liquid 
might be used along with flour used in the manufacture of meat bii- 
cuits. The products he had named were all highly nutritive, portable, 
and admirably adapted for the use of hospitals, for an army in the 
field, and for ships^ stores. The dialysis of brine might be conducted 
in salt water, so as to remove the greater portion of its salt, and 
the process completed in a small (luantity of fresh rain, or other 
water. In this way ships at sea might economize their brine, and so 
restore to the meat in a great measure the nutritive power that it had 
lost in the process of salting. Thus, then, Mr. Vvhitelaw said, he 
oljtained an extract of flesh at a cheap rate, from a hitherto waste 
material. Two gallons of brine yielded one i>ound of solid extract, 
containing the coagulated albumen and coloring matter. For the 
production of the same directly from meat something like 20 pounds 
of lean beef would be required. The quantity of brine anna- 
ally wasted was very great, lie believed he was considerably under 
the truth when he said that in Glasgow alone 60,000 gallons were 
thrown away yearly. If they estimated one gallon as equal to seven 
pounds of meat in soup-produciug power, then thia was equal to a 
yearly waste of 187 tons of meat without bone. Estimating the meat 
as worth sixpence per pound, this amounted to a loss of £10,472. In 
this way the waste over the country must, he said, be ven' great. 

As an appendix to this notice Mr. Wliitelaw also detailed a method, 
applicable to ships at sea, by which the quality of the meat supplied 
to tiie men may be much improved and their food varied. 

The salt meat is placed in a dialytic bag made of untanned skin, or 
other suitable material, and tlie bag filled nearly, but not quite, foil 
of brine from the beef barrel. The dialyser is then placed in sea 
water, and the proecss allowed to go on for several days, till the meat 
and brine are sutHciently fresh for use, or till the brine in the dialytie 
bag is within one or two degrees of Twadde^s hydrometer of the same 
strength of sea water. In tliis way, as the briue becomes freed £iram 
Bait, the beef, which, by the action of salt* has been contracted, givM 
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iti 8ah to the brine in the bag, and so the process goes on, the beef 
eiqMtndin^ like a sponge, and gradually taking up a great part of the 
natural juice that it had previoaslv lost in the salting process. In this 
way no loss of juice is sustained by steeping, and the brine left in the 
bogs, after a nightly dialysis in fresh water, can be used for soup. 

Tlioroughl)r salted beef, without bone, takes up nearly one-third its 
weight of juice, and^ this absorption takes place gradually as the 
strength of the brine in the dialyscr becomes reduced. 

Meat thus treated — being, in fact, fresh meat — may be cooked in 
a Tariet)r of ways that arc obviously not available for salt meat ; and 
so the food of sailors, and consequently their health, may be improved. 

INDUSTRY OF KANURES. 

Mr. A. W. Hoffman, the well-known English Chemist, as a Juror 
of the great London Exhibition of 1862, has recently published a re* 
port under the above title, from which we make the follovf ing extracts. 

After alluding to the ereat impulse given to the cause of sanitary 
reform in Great Britain by the sudden outburst of the cholera in that 
country, in 1836, he calls attention to the controversy which took 
place amon^ the various authorities respecting the proper size and 
form of drains to be used in connection with dwelling-houses. 

Small circular stoneware tubes were recommended bv one party ; 
large brick flat-bottomed sewers by the other. The tubular system 
happily proved to be the cheapest as well as the best ; and its advo- 
cates, after a ten years^ struggle, Gnally carried the day. Whole 
towns are now drained through 12-inch pipes, which would formerly 
have been deemed of scant dimension for the drainage of a single 
mansion. 

The application of the manurial streams from urban drains to 
irrigate farm lands was also warmly advocated by the sanitary re- 
formers, but as warmly declared impracticable by several leading ea* 
gineers, whose views upon that part of the question prevailed. 

The second invasion of Asiatic cholera, in 1849, gave a new 
impulse to the abolition of cesspools; and the value of tubular 
drains, of small size and rapid scour, for their replacement, had by 
that time obtained very general recognition. But the leading engi- 
neers of England, while admitting, theoretically, the value of sewage 
to fertilize land, still denied the soundness and economy of the 
mcclianical arrangements proposed by the sanitary reformers for its 
distribution. On an engineering question, public opinion (not unnat- 
urally) sided at the outset with the en^neers. The new system has 
had, therefore, to encounter a professional opposition, all the more 
fonnidable for being thoroughly conscientious. Probably that opposi- 
tion, with the controversy it has engendered, and, above all, the 
experiments to which it has given rise, constitutes a wholesome 
ordeal to test the soundness of the new plan, and to bring about the 
correction of such weak points as it may present. But, in tlie mean- 
time, the application of town sewage to farm lands on an extensive 
national scale, has stood, and still stands, adjourned. 

Hence the present condition, obviously transitional, of the great 
manufacturing and commerf ial towns of England ; hence the insuffer* 
able pollution of her streams and rivers \ \iovwii ^\vaX ^t^^v^^^^ 
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squandering of the elements of human blood, for which she is so hit- 
terly reproached by Licbig. 

But steam-power, which has imposed on the British laborer i 
strugf^le for existence, by reason of free trade competition, brings 
him also the means of issuing victorious from the encounter. Why 
may not the steam-urged plowshare pass to and fro through the field, 
as the steam-driven shuttle passes through the fabric in tlie loom? 

If pure water can be pumpc.>d by steam-power at an infinitesimal cost 
ifito a town for its supply, why may not the very same water, enriche<l 
with the ^ecta of the population, and so converted into a powerful 
manure, be also pumped out. of tlie town by steam-power, ana applied 
to maintain the fertility of the land ? In a word, why may not hus- 
bandry rise, in its turn, from the rank of a handicraft to tliat of a 
mannfarinre ; the farm be organized and worked like a factory ; and 
food, like aytiry other commodity, be at lengtli produced hy steam- 
power ? 

These questions arc now in every mouth; and the agricultural 
revolution they imply ap|)ears to be, at this moment, in course of 
accomplishment by tlio English pc-ople. 

Already, on many an English farm, the characteristic tall factoiy- 
chimney is seen rising among the trees ; the steam-engine is heard 
panting below ; and the rapid thrashing-wheel, with its noisy revohi- 
tions, supersedes the laborers tardy ilaiT. Alreadv, at somewhat fewer 
points, tne farm-locomotive stands smoking in tlie field, winding to 
and fro, round anchored wmdlass, the slender rope of stc^ which 
draws tlie rapid plowshare through the soil ; thus furrowed twice Si 
deep, and thrice as fast, as formerly bv man and horse ; and thus 
economically enriched with proportionately increased supplies of at- 
mospheric plant-food. 

And bstly, already, at still rarer intervals, the subterranean pipes 
for sewage-irrigation ramily l>eneath the fields, precisely as the pipes 
for watcT di^triL>ution ramify bencatJi tlie streets of the adjacent town; 
the propelling power being, in both cases, that of steam. 

These innovations art% doubtless, still experimental ; and, like all 
innovations, they an* vaunt(?d by some with premature zeal as perfect, 
while others, with panlonable sct^pticism, decry them as uttjerly im- 
practicable. Truth for the present seems to lie between these extremes. 
The steam plow, though answering well in large and level fields with 
favorable soils, still requires adaptation to less easy conditions of 
tillage. The tubular imgatuig system is still liable to tlie sudden in- 
flux of storm-waters, overburdening, and oflen overmastering the 
steam-pumps so as seriously to interefere with the economy of the dis- 
tributive operation. But inventive research and practical experiment 
are rapidly proceeding side by side, and every year, not to say every 
month, sees some fresn truth ehcited, some previous ** impossibility^ 
achieved. 

Utilization of Urban Ejecta as Manure, — The separation of surface- 
water from sewage is, by a certain number, confidently relied on to 
solve tlie problem of sewage utilization, in conformity with Mr. F, 0. 
Ward's formula, — ** the rain- fall to the river, the sewage to the sot/." 
Others are of opinion that sewage, even when diluted by admixtora 
with rain-swollen brooks, may be economically yum^^ oa the land. 




A tliirt] pirty believed graritation to be tlie only econnmieal ilistribu- 
live power lor sewigo, and optn giitUTs fonlounji! along tlit- undu- 
lating ground the only thftnnel Buiti-d for its mnvcyance. 

<Jm tbcta moJunical questions the HuporCur, as n i^humist, has of 
roiimpnoopinioD to ofiur. But, that the ruckluw aquantlcrin^oriowR 
Bcwa^ U> the ica, if mntinucd on ita preienc prodij^ioiu (uale, mvil, 
in a k-w gcncratioiu, justil)' the vonit Ibrubodm^H ol' Liubig, aiiil that 
tbe aame steam-power whii:h has induced iJie ctil i/ao alone iiuppi)' the 
rviDMly, the Reporter conlidently believes. 

And here, perhaps, is ^e pla<% to interpose a few renuirks, in most 
respeetful ilcprccation of the support whieh Liebig, in several of Ilia 
works, and more especially in his latest puliliuslion, alTordii to llio 
cesspool system of urban defecation. lie devotes an entire chapter 
(the Msventh) to a dcseription of the inovabte ceBspootii, or casks upon 
wheels, employed in the soldiers' barracks, in several garrison lowua 
of Uailen to receive and carry away tbe whole of the ejeeta, HuiJ and 
■olid. lie stAtes the average cost of these ciMspool-earts to be be- 
tween £0 and £10 apiece ; their term of duration about five years ; 
aiid their maintenance-charge about 15 per eent of tlieir first cost. 
Ilu ailds that the ealo of thu manure collected and conveyed away 
ill these carts, from several garrisgns, numbering in aU S.lKXl men, 
brings in an annually increasing suni ; thu receipts having risen from 
£i'iA in IBo-i to £6m in im^, and the tendency of the price lieing 
upwanl still. Upon this system he bestows eneomimas. made weigh- 
ty by his illustrious name and euiiueut authority, " Sandy wastes." 
he says, " more jHirticularly in Uie vicinity of llastadt and Carlsnihe, 
have thus been turned into coniHclda of great lertility. And he whis 
tliat " tlicre might thus be cstaltlislied a perfect circulation oC the con- 
ditions of life, which would provide 8,()tN) men with bnwl year aftt-r 
year, without in the leai«t reducing the produi'tiveness of tlie fields on 
which tlie com ia grown." ilo further devotes much space in his 
Apiwnilts to s report upon Jananesu husbandry, addresHed to the 
Minister of Agriculture at BeHin, by Dr. H. Maron, and containing 
a detailed account of the .Japanese inethoil ol'iu-ban defecation, which 
is alwi accomplished by a sj-stcui of movabhi cesspools, liflctl out and 
carried through the open itrccts by band. 

The Ja[>anese_, Dr. Maron stales, use open privies, not constructed 
as in Germany, in some remote comer of llie yard, but forming an 
esHcnlial part of the interior of tlieir dwellings. The aperture is level 
with the (ETOund, and beneath it is set a bucket or earthen pot fur ro> 
moval, when full, by human hands. Tlie Coolies thus employed are 
to be met, he tells us, of an evening, marching in long ttriugs along 
alt the roads leading out of the Japanese townn, each Coolie bearing 
two buckets or earthen pot-H of nicht-soil Air couveyanec to the neigh- 
boring farm. Caravans of pack-horses, similarly laden, are sent, be 
Blates, 200 or 300 niiU-s mto the interior; and canal-boats leave each 
towndailv as regularly as the mail, each loaded by Coolies with higi- 
piled bucketi of the precious stufl', the efDiivfa ofwhieh.it is admitted, 
n-ndcr the task ofcondueting these barges "a species of mnrtmlom." 
is precisely from this degrading and loathsome kind of drudgery 
. Knghtnd b now resolutely bent on emancipatinc iuu\kiwL\ "wVi&a 
reutoeiog to the iond quite a« fiuthfuUy u tXu: d%^aiM!«b,'^u&SKX- 
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tillzin^ residua of human food. It is precisely against what tomj he 
termed *' the martyrdom of stench,^* and the still fiercer niart3rTdonis of 
blood-pollution and loathsome pestilence which stench engenders, 
that the English Sanitary ilefonners protest and struggle with all their 
force. The organization of tlie so-called ** continuous tubular circu- 
lating systcm,^^ by which, with the aid of steam-power, the healthy and 
ceaseless inter ^aiige of pure water and manurial liquor between town 
and countr}' is now sought to be achieved, seems destined to consti- 
tute the mechanical complement of the great chcmico-physiological 
truths promulgated by Liebig. It is not, however, pretende<l by the 
warmest advo<!ates of this system, that it can be accomplished by a 
siu^rio generation. It is admitted, on the contrary, that tne complete 
tubularization of the fanns of Europe must be a task as gradual as the 
complete drain and watcr-pi|)cage of her towns, or as the universal ex- 
tension of her railway and electric communications. But as the mag- 
nitude of such a project may be, for many minds the very pivot on 
which their judgment of it, favorable or adverse, mav turn, the Jteporter 
quotes here, from a speech of Mr. F. O. Ward (in 1855), some re- 
marks bearing on this point. 

** It is arguecl," said the speaker, after adverting to the cost of the 
requisite pipeage. — ** it is argued from this vast expenditure and 
widely extende(l range of distribution that the plan is iniprai*ticable. 
But I think this resembles the arguments urged against gas-lighting at 
the outset. 'Wliat!^ it was said in the old days of oil-lamps, to 
the daring innovators who pro[)osed gas-lighting, ' do you seriously 
ask us to tt^ir up all the stri'cts of our towns, and lay down thousands 
of miles of subterranean aiteries, to ciixMilate a subtle vapor through 
every street and into every house, to do, at a cost of millions upon 
millions, what our lamps and candles already do sufficiently well ?* 
Such was the language used ; and the proposal of gas-liglitinc: was 
n^ganled at the outsi^t, by the majority of mankind, as the wildest 
and most visionary hallucination. But when Munloi'irs factory had 
been illuminated with gas. the whole problerii was virtually solved; 
and when the (ii^st line of g:is-lights burned along Pall Mall, the illu- 
mination of all the towns of Europe became meixjly a question of 
thn<;. tlust so, when the fn'st farm was successfully laid down with 
irrigating tubes for the distribution of liciuid manure, there ceased to 
be any argument al>out the cost an<l (piantity of pipeage for this pur- 
pose. Nor should we be deterred from grappling with the sewage 
problem by contemplating the vast magnitude of the results which it 
It will lea<l in the course of time,— of generations perhaps, — ^when the 
whole subsoil of Europe will probably be piped for the distribution of 
licpiid manure, just as all Flanders is already honeycombed with tajiki 
for its storage. 

CONSUMPTION OF WATER. 

A man is generally supposed to require about one-half gallon of 
•jrater per day for drinking, cooking, &c. ; and about four gallons 
more for washing, bathing, and other puq>oses ; a family of five heads 
will recjuire about nine gallons per <lay. In Paris, the consumption 
of this li<]nid is olfi'-ially stated to be '\h gallons for every man pep 
dAK; i^i fur every horse ; nme for a two-vr\i«itV^^ cAxm^^s^X uod 164 
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for a fonr wheeled, per day; 93 galloni for erery iqnire yard of eir- 
tlun, per annum; til] i^Uoos for a lialli, pcrfUyj anil unc-liftlt ^alloa 
for cvury s'ju^re yard of public road, per day. Tbe congu^nptioa in 
Madrid, a 'i-'urdin^ to the ropurt of itia diruHlors of tliu Uaual de Isa- 
b'-tli. -i-l Cj'oymy. is ul gallons for every inin piT diem; 211 t'jr 
evi'n- liiirw ; 14J for every two-wheeled carriage ; ili for every fuurw 
wlici-k-d rarrbiiL*, pwdioin; 1-2 gallons foretcry Bquaro yard of gip- 
doii. The rolluwiii;; is the consumption in gallons of wjter par iiy, 
and individuil, in the chief (owns of Europe and Ameriea. Rdhic, 
31S; New V'ork, Uoi Morseillus, 103j; Bui»an;on. i>l; Dcion. ^1; 
Bordeaux, 37i ; Hamburg, ^8 ; Genoa, 2G j ; M4drid, 2li ; Glas^oir, 
35; LoDdoQ, £4; Lyons, 19; Maxicbest«r, 18; Brusseb, 17i : Alo- 
uaeo, 17 ; Toulouse, 161 ; Geneva. 161 ! Narbonoe, 16 ; PhiUdel- 
pliia, IJili Paris, 15; Grenoble, IH; Montpellier, 13; Nantes, 13( 
Ulermonl, 13; Ediabureh, 11; Havre, lU; Angouleme, 9; Lircp- 

fiool, (i ; Uctz, 5j ; St. Etienne, 1^ ; Altona, !>i ; Constantinople, 41 : 
tio do ,Taueiro, 2. This Btati^meat only comprises the quautity or 
water supplied by a'^ueducts; those yielded by wclU aud other 
meaa«, are not easy to ascertain. — Loiulvn ArtUan. 

. IS TttE NOarHEUS 

The following ii a report of a paper recently road before the Poly- 
technic Association of New York, by Mr. S. I). Tdlmin : — 

The amount of miplo sugar uudo iu the United States iu the year 
18u0 wai, in round numbers, 33,U.)'J,()0!) poiuids. The produi't v" 
16o4, stimulated by the high price of eaae sugar, was probably far ic 
exi«sa of that of ltl6l>, or of any former year. A comparative esti- 
mate of the quantity of sap gathered, and sugar manulactured, may 
be nude I'ruin the statement lately seal to ma by a very intelligent 
meub-tr of the Shaker Community, at Canterbury, N. U. This 
Bjcicty have three maple groves ; in one, l,15l) trees were tapped o 
the 1st of MATch last, a few hundred of ibe boles wore reamed outo!. 
the 1st of April, aud on the Itith of April tiie spiles were all with- 
drawn. The whale quantity of sap gathered from these trees was " * 
barrels. The otb«r two groves cont.iin alraut GiW tapped trees e . ., 
making tiie whole number 2,3<>0. The amount of susar made IroiQ 
61H barrels, or 19.77<j gallons of sap, is i,W\) pounds; about one 
pound for five galtont of molasses is made generally from the sap of 
the latest run, which is so changed in its ehimuter that it will not 
properly granulate. In one camp the sap is boiled in a seriu 
cmat-iron paiu, all connected at the bottom by a pipe. Thus 
Bweel«r iHirt of Uio sap runs out at the bottom, as fiist as thu fresh 
sap is allowed to run in. The process is completed in another pan. 
In one camp the cast-iron pans have been taken out and copLii<r 
puis Kubstilulod ; four of them are eight feet long and two leet 
widci find six or eii^bl inches deep. The sirup pan into whicb 
tbo swuoter liquid &otn the other pans flows, is four feet long, two 
fiwt wide and eight incfaoi deep. These pons are above and at tin 
■Ide of each olhttr, so that the sap from the butluni of tlie lirst [unH 
rnni into the top of the sun>nd, and soon through the accwa,^ 
wbolv bein;{ ^verned by roucets. In ilus 8^.^^\lis bXiuuX WqXw.'C'C'^ 
atp caa bv liHUvJ Juim per hour. 
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At my sat^gestion, the correspondent, Mr. Blinn, tested the strengdi 
of the sap drawn at various higbts of the tree, the highest being taken 
at I > feet, and the result proved th:it the sap increases in sweetness, 
sliglitly, with increase of hight. The sweetest sap tested was 3' by 
the Bjiumi hydro^neter. Tiia pDsition of the tree was fjund to affjct 
the strength of the sap; in trees near watercourses the saceharine 
quility was extremsly diluted. Sap from the root of a tree stood at 
i^ Uau;n3. Tae tirst How of sap bjing the best, it occurred to me 
that it might be increased by being allowed to piss into vacua:ii. I 
requested that a small India-rubber bag, from which the air had been 
driven, should be attached to a spile, or a vessel from which the air 
had been exhausted by msans of an air-pump. The still more slmoU 

Elan was proposed of placing a little water in a tin can, and a^er 
eating it uutil the steam had driven out the air, closing it, and attadli- 
ing it by an air-tight connection with the spile. Tuj first and List 
plans were tried, and with complete success. With the steam can, in 
wliija the steam was condensed wlien the can was withdrawn from the 
flam 3, the quantity cauglit in twelve minutes was four tlaid ounces ; 
the (}«iantity which ran from the sama spile in the usual way in the 
aamj timj was IJ ounjes, — the injrease of flow being about 11-4 |>er 
cent. Subsequent trials gave always over 103 per cent increase. Tiie 
Community at Canterbury have made some sirup from the sap of 
several varieties of tlie birch ; also from that of the oil-nut or batternul 
tree, but they have not su3ceedi3d in granulating it. 

The flow of , the sap in the miple is influenced by the weather to a 
great degree. Tae mDst abundant flow is just afler there has been a 
white frost at niglit. A humid state of the atmosphere is considered 
preferable to a clear and cloudless day. At Canterbury, a northwest 
wind is considered the most propitious ; a southeast next best ; east, 
medium. Ta3 winds from all other points of the compass are less 
favorable, while a breeze from the south destroys all hope. An occa- 
sional rain during the sugar season is beneficial ; if the fall of water is 
Ycry abundant, the tlow of sap is greatly increased immediately after, 
but its sweetness is much diuunished. 

CARBONIZATION OF ILLUMINATING GAS. 

The London Artisan sayi: *^The advantages resulting to gas cm- 
sumers from the carburizition of the f^xs Hupplied by the companies his 
now besome generally recognized, and the apparatus f >r effecting the 
thorough mixture of the benzole or naphtha vapor with the gas has now 
been so simplified, that wiiatever ohjectiuni miy formerly hive existed 
have been entirely removed, so thU it miy be hoped thit Dr. Knapp's 
observation, ai to the di^tcovery being of benefit to individuals only, will 
no longer apply. Referring to niphthalized gas (as it mxy here ()e men* 
tioned that the c irburization is alwavs etfected with miner jil na|)htha, ben- 
sole, or some other rait^rial not widely different from them). Dr. Kuipp, 
in his well-known Technology^ o'jserved thit * the illumituiing power 
of gas is very much increased by the presence of vohtile hvdrocirbons 
and many years ago Mr. Lowe introduced, or rather proposed, a plan for 
saturating inferior quilitie.s, or ordniry coal gis, with napiithi, or the 
spidt distilled from coal-tar, and thus augmenting its illuminating piwer 
nearly oae-iulL The remarka'jic incn&a^tQ ot U'^Vo^ \v:k>9i«st«^ V^^Mcni 
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hynap'jtJiiKzed^ifriljhleneif the^jiscinipaniev whoforewwnothing!iut 
Tiiin in the dimini'heil qinntityaf R>fl whicb would De.ieviarLly lie con- 
luinej fur llie [iroJacuoii aCan e:|ii:il umount of l.glit. CM wjter wja 
CJn'iequmitly thrown ujioa the project, and the invention has only Iwen 
of lieaeSL t> individual's '^k'I K^t '■'* ^s public at Urge, which iiiii;ht hive 
been thn ei«e hid It been intrndiicud upon a Urge uale,' Ijince ihia 
o.iiuion wai eipressBd other incdiitors hive l>een more Bucceaaful Uwn 
Mr. hawe, and there ia no rei^ioii why the heneflLi aTa rich, pure, .ind 
ecinnuiicil light should not be fceneriUy diSiised. The Artisan then ' 
Biieiki of nn inTention known a* Winrfwjrd'n gv^ carboniier, as giving ull 
ibe remits thit could be da-ired. In tbl-i apparatus the gas is made to 
pu* over the surface of bensole or mineral niphlha, receiving its vapor 
and obtaining a vastly increased Ulumin.ttiDg power. It la claimed that 
in pusxn J over the surf ice of the fliald the gas comei into contict only 
with the am lunt necesiary for v» puriSc Mha. so that the vitality of the 
spirit it retiined until it ia all consumed. Dr. Mu^prati hat reported 
v«y (ivor^hW upon the inventioTi, and phitoinstric etperimsnti have 
prored thi', takmg gis at -It. lii. per 1,IJ()3 cu'ilc feet, there is a siving 
of mire than oue-lhinl, the same amsunt of light biiaz obtained for 
2.. lU." 

PEACTICAL ICB-MAttlSO llACHINB. 

At the recent mei?tin» of the British Assof^iation, Mr. A. C. Kirk 
gave the following desi^riplion of a rasfliine invented hy him for the 
Artiiicial produL-tion of ice. The machine in question waa conslructitd 
fjr UttDars. Vuun;; & Co., and superaudi^d another machine uacd for 
coolins parafiue oil. This latter, Mr. K. aald, proving too small Tor 
tlio increaalag size of the woric, and the une of a material so volatile, 
iiiilBmuuble, extufnaivo, and in all ruapcta so dangerous aa ether, 
being B serious dmwbsL'k, I was requested, in the beginning of 1862, 
t'> try if some effi^ent substitute cuuld uot be found. Atmospheric 
nir being the aubstitutu wlui-b at oiiue suggested itself to mu as not 
only tsfe but inexpensive, I eommenuod a series of experiments, which 
at Uat rcanltwl in a small model, by which I was able to fn^eio mer- 
cury. A large machine was im^nediately proceeded with, which 
worked so satislActorily tliat tlio use of the ether machine was discon- 
tinued, aud this jroar at the works a more powerM one has been 
ere;.'Ied, capable, if applied to sui^ a purpose, of nuking three tuns 
ol* ice in twenty-four hours. I shall now proceed to describe the 
n«tilre of tliis machine, which, it will bo seen, is allied to the oir- 
cn^jinc in the same manner as the ether machini: 'n to llif stciiin-i'ni'inc. 
If we ottclose a quantity of air in a stronji vi--.!. in' . I'l. i .i i>r wlui.'h 
wit fix a eoiKjion ait>-cyrinxe, andforcethi; jii-. ,,[<...< ! :a liaud, 
ITS shall compress the enckiaod air, which, Im i jii. will 

bahcalwl; ami if wo now cool the whole :i|'., - .1 ■ ... i '. i;-. uri-;- 

iiiil •.■ii;."rM'ir". ;i!id allow the air tO Corcu tii. (...-;.-;■ ;;..i.l,i.Llly liacit, 

I., I I . . r. r will bo oooledj but inas^nii^h lu thu cuiilud air 

IV II . . . ■ , ■niii space as the air originally did, tlie piston will 

II .. I . ,' '.lit at whiuhit was when we couununced, and thus 

'■•.'',[ :. .^vl^ll out during the expansion of thu air tliaii wai 
? <'(iiu[H'caaioa. It is not necessary that live aw W a.^ *!««. 
iphoricproAjiin!: ii' air of groator dunsity \*i eiaYiWjiA, >laft cmiA^ 

a* 



66 ANNUAL OF SCIENTIFIC DISCOVKBT. 

iDg power of the machine will be increased. We hayo thus got an 
elementary cooling macliine, and as before, power is spent in working 
it. To render thjs a practicable machine, the first thing necessary is 
to perform the compressing or heating operation, and the expansion or 
cooling operation m separate comuartmcnts ; the one surrounded by 
water to abstract the heat generatea, and the other surrounded by the 
substance to be cooled, or from which heat is to be taken. The one 
comparf^meiit being thus very cold and the other comparatively warm, 
the next thing is to provide means b^ which the air can be continually 
transferred from one to the other, without carrying heat from the hot 
compartment to the cold. Thus, if the temperature of the hot com- 
partment be 70° and that of the cold zero, the air must enter the cold 
compartment preparatory to expansion at a temperature as nearly zero 
as possible, and in returning to the hot compartment must enter it 
preparatory to compression, at a temperature as nearly 70° as possible. 
That beautiful invention of Stirling, the regenerator, or respirator, 
as it is sometimes called, composed ordinariTv of a large quantity of 
wire gauze, through which the air passes, enables us to accomplish this 
very perfectly. When the machine is fairly agoing, the layers of eauze 
next the cool compartment become as cold as the compartment itself, 
and those next the hot compartment as hot, while the layers between 
those shade off through the intermediate grades of temperature. Thus 
the air in passing from the hot to the cold compartment, warms the 
gauze and is itself cooled, and the cold air in returning is gradually 
wanned, cooling the gauze iu its course ; and although the air is con- 
tinually being passed backwards and forwards from the hot compart- 
ment to the cold, and vice versa, no heat is conveyed by it from the 
hot end to warm the cold and interfere with the cooling power of the 
air during expansion. By the help of the diagrams, Mr. Kirk then 
explained the arrangements by which this was carried out. He con- 
cluded by saying that the advantages attending the use of this machine 
were, that no expensive or dangerous fluid was employed, involving 
risk of fire or suffocation to the attendants ; that the cooling power 
might be reduced to any extent when required, the consumption of 
motive power bcinj^ similarly reduced ; and that cupped leather pack- 
ings might be employed, which gave so little trouble that in the first 
machine one worked for four months without being touched. He 
further stated that the cost of the machine, without boilers, was £700. 
'Mr, Young said he was able to say that the machine was all that 
was ever expected. Former machines they had used always kept 
tliem in a state of bodily terror, and once they had a slight fire ; but 
by using this new machine tliere was no longer any cause for fear. 
The machine was an extraordinary success. It went on day and 
night, without intermission and without trouble. With one tun of 
coal, costing 4^., they could produce one tun of ice. He was glad to 
be able to give his testimony to the perfect working of the machine. 
(Applause.^ All manufacturers must hail such a phemical invention. 

now TO SETTLE SHIFTING SANDS. 

The Landcs in the Gulf of Gascony are composed of loose drifting 
sand, which in 1789 covered 300 square miles. M. Bremontier, of 
ihe then Administration of Forests in France, set himself to fix thif 
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miTmnaX surfi^e, and the lacana he used neve pboting it irilh the 
pina-'tur. In n pi'|>Qrt of hi» proL-eedings, wliii:h be piiblisheil, he 
ixjtn'i^reJ tliis sftnil_r trai'C to a billovv son., — it olTuriit) nothing to tUa 
cvu luit a. mitiiotuiioiu repetition of white wary hillacks prnfei'tly dea- 
titulu of vugutation. Wiien vlolunt stonns of wltiil o:.'i:um)d, the aup- 
laco of thcsB duwns waa ootirely changed ; what ware bills had becorao 
Tolk'/a, and volluya bJiU. The sand on these occasions wu ofl^n 
blovrn into the interior (^ the country, actually covering cultivated 
liL-ldd, villages, and even entire foresta. This was done ho gradually, 
in a shower of partiL-lua as line as the sand used for hour-glasses, that 
nulliing was destroyed. The sand gradually rose among the crops, 
as if they were inuiiditiiJ with water, and the herbage and the tops 
of I rees appeared quite green and healthy, even to the moment o( 
tlicirbeina submerged. On this moving and shifting sea, M. Urcinoo- 
tier sowed seeds o? the common broom, mixed with those of the pin- 
aster ; commencing on tlie side next the sea, or on that from which 
tliG wind geutsrolly prevailiid, and sowing in niUTow zones, in a dlree- 
tion at right angles to that of the winil. The drst zone was protected 
by a line of hurdles, and after it was established it pn>te(^d the 
second, as the second did the third, and so on. To prevent the seed 
beiu^ blown away before it had germinated and become (irmly rooted, 
he protected it by various ingenious modes, such as hur\lle9 and 
tliatJiing, and he liad at last the gratification, after conquering iniiiy 
d^ffi.-'ut^es, of seeing hit first zoncji firmly established. The rest was 
then comparatively easy ; and by degrees the tree covered the whole 
of these sandy downs, ool only providing the interior country with a 
barrier against the inmrslon of the sands, but tuminv the dowiis 
thi^mnelves from a desolate waste into a source of productive industry. 
Although the tjmber is of little value, the loanufautunj of tar, Uirpen- 
tinc, and other re;inous products furnishes sulRi^ent occupation for the 
inUabitanW who ai>j thinly scattered over large spaces. Among the 
efforts of mail to ..jntrol the elements and tlie powers of nature, the 
conquest of the Landes from the desolation of tlio desert is entitled to 
~ ^laue be^de the recovery of UoUaud from the empire of the sea. 



FLOW OF W,\TEIt THROUGH IBREGULAK TUBBS. 



At a recent meeting of the N. Y. Polytechnic Association, Mr. J. 
" " it cjcplaJued an experiment made by him in relation to the 
DOW oi -water dirough irregular tubes. Uu constructed a tube of tin 
3U inches long, and 2} inches in diameter. Within this tube were 
st>lik-rud 11 diaphragms or discs, at nigular distances from each other. 
In each (jrcular disc, there was a hole I of an inch in diameter, 
tho center of which was the center of the disc. Half-way f^a 
each disc the tube was perforated on the upper side by a very aiuaU 
hole. One end of this tube was inserted into a bulkhead about nine 
fuRl below the surface of the water. The object of this apparalna 
was to measure the retardation of the water, in passin'^ thron^h the 
discs, by means of the height of the jets sent through the sinalT holes 
on the top of llic tube. The jet from the lint hoTu was about two 
feet high; the next jet was lower, and bo on to the last hole, from 

Bhich the water barely oozed oul. The ra:e in decrease vn Vic^i^xX 
M directly as the iiuiubei' of diei-s iunei'ted — t\vA vs, (.Vi& -«v}£c 
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after passing ten dis«s, gave a jet only one-ninth as high as after 
passing one. 

The Chairman remarked that the principle of retardation, here 
illustrated, had been applied to the pistons of pumps, by cutting 
around the piston a series of grooves close to each other, thus fonn- 
ing what is called a water packing. It was said, however, not to 
work as well as was at first expected. Not long since a case oc- 
curred at the Jersey City Water Works relating to the subject now 
under discussion. It became necessary to lay down, under the 
Hackensack River, for the distance of 1,000 feet, another main pipe 
of 36 inches internal diameter. Mayor Cleveland of Jersey City, 
then a Water Commissioner, made some important experiments to 

Erove that water was greatly retarded wherever turned m>m a right 
ne, even if the pipe be enlarged on the curves. 

Mr. Dixon said the proposition was to lay under the river a pipe 
which would adjust itself to the bottom by means of from 14 to 18 
movable joints. The position of the pipes, on cither side of a joint, 
may be illustrated by supposing two common clay smoking pipes to 
be laid down in opposite directions, so that the mouths ot their 
bowls would come together ; these being fastened by a collar, they 
would be free to move up or down, and thus such pipes would adjust 
themselves to the bed of the river. Mr. Cleveland objected to this 
plan on the ground that the pipes so laid would not deliver the quan- 
tity required, because the curves would impede the flow of the water. 
In order to remedy this, the contractor proposed to enlarge the pipe 
at the curves, from 36 to 46 inches m diameter, the pipe being 
brought down to its original size between each curve. This propo- 
sition was approved by several prominent engineers. Mr. Cleve- 
land objected to these enlargements ; he believed they would in- 
crease rather than diminish the evil complained of. In order to 
demonstrate his statement, he made the following experiments: 
First, he constructed a straight pipe of lead, 36 inches long and one 
and a half inches internal diameter ; second, he made another pipe 
extending the same distance, and containing two curves, so as to 
carry the water in a direction perpendicular to its first course, then 
again in first course, thus turning two right angles. The diameter of 
the ends of the pioe was li inches, and that of the curved part was 
1 n-12 inches. Parallel lines drawn through the center of the two 
ends were just 2|) inches apart. Third, he constructed another pipe 
containing four curves, the two curves, additional to those in tne 
second pipe, were to bring the water back, so that its entrance and 
discharge were in the same right line. The curves in the third pipe, 
wen^of the same diameter with those in the second pipe. The pipe 
between each two curves, as well as at each end, was l\ inches in di- 
ameter. These pipes were constructed with the greatest care; the 
curves were fitted in halves over wooden forms, and soldered on the 
outside, the inside being made so smooth as to leave no crease at the 
joints. A tank of water was prepared o feet 2| inuhes in diameter at 
the top, and two feet deep. A hole was made on the side at the bot- 
tom, into which each of the pipes was in turn fitted. The object be- 
ing to discharge precisely the same quantity of water through each 

oe, two markji were made on the indidu ol tho XanSlL^ V^i<& mV^*^ Q^oi^ 
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being tbe heigbt of the water at the commencement of the discharj^e, 
and the lower one the height at the close. The pipe on being insert- 
ed was closed at the end, by day placed on by hand, which could be 
instantly removed on the signal being given ; and instantly restored 
when the surface of the water in the tank had reached the lower 
mark. The experiments of discharging through the several tubes 
were made with great care, and afterward repeated, to verify their 
accuracy, and the following is the result : — 

The same quantity of water passed 

Turough the straight pipe in 218 seconds. 

Through the one joint pipe in 314 seconds. 

Through the two joint pipe in 371 seconds. 

From this it appears that the increased time required for the flow 
through the second pipe was over 40 per cent, and for the third 
pipe over 70 per cent. These experiments decided the question and 
the proposed plan was abandoned. 

A NEW APPIJCATION OF THE 8LAKINO OF QUICKLIME. 

A novel application of the slaking of quicklime has been proposed 
by Dr. John Davy, in the Edinburgli New PhilosophicalJoumcu. It 
is well known that as soon as water is added to and absorbed by well- 
bnmt lime fresh from the kiln, an immediate union takes place, the 
mass becoming broken up and falling into powder, with the produc- 
tion of much heat and steam. This does not take place when the 
lime has been exposed to the action of the air for two or three days, 
during which the lime generally absorbs a little water. With respect 
to these phenomena. Dr. Davy records the result of several experi- 
ments which showed the explosive power of the lime when placed in 
holes or receivers and treated with water, or with solutions of com- 
mon salt, carbonate of ammonia, &c. We have no space for the 
details which led Dr. Davy to suggest the application of the explo- 
sive force of lime to the blasting of rocks and similar purposes, but 
give an account of two of his experiments. A boring was made in 
a block of sandstone about fifteen inches deep and two inches in 
diameter; this was filled with small pieces ot quicklime, and the 
hole was closed by a plug of wood. No rending ensued, although 
the hydrate was formed. The elastic expansive force was not supe- 
rior to the resistance, and the steam was condensed. A second 
experiment was made, substituting for the boring in a rock a strong 
earthenware jar capable of holding about a quart. It was similarly 
charged, and tightly corked, the cork bound down firmly with a cord. 
After about 15 minutes an explosion took {^ace, with a report like a 
pistol. The jar was broken in several pieces, and some of them were 
projected many yards from the spot. Now as coal is not nearly so 
resisting as sandstone, and as its boring is easily effected, Dr. Davy 
expresses the hope that the experiment may be repeated in a collier}'. 
It IS easily made, at a cost not worth mentioning, is attended with no 
serious danger, and, should it bo successful, it may conduce to the 
saving of many valuable lives. 
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ITTILIZATION OF WASTE PRODUCTS. 

At a recent meeting of the New York Polytechnic Association, 
Prof. Joy, of Columbia College, enumerated the following as among 
the instances where attention to the utilization of waste material was 
desirable : — 

Waste Vulcanized Rubber, — There seems to be a want of some 
ready method of demlcanizing old India rubber. Several patents 
have been issued for this purpose, but the fact that there is no demand 
for worn-out articles of India rubber, would lead us to conclude that 
this material is not utilized to any great extent. 

Slca from Iron Furnaces, — At MantseU Germany, Prof. Joy 
recently observed the following plan for using; the slag of the furnaces. 
The slag is formed into molds of about a cubic foot each, and distrib- 
uted to workmen. Each man take^ his share of the blocks in an iron 
wheelbarrow and wheels them home, when thev still contain heat 
enough to cook the meal for the family. Afler they are cooled these 
rectangular blocks are an excellent material for builfling walls. 

TAt tlie last meeting of the British Association Dr. Paul stated that 
he had succeeded in blowing the slag into a state of very fine division 
by sending steam or air into it just as it flowed from the blast furnace 
in a li({uid state. It was thus blown into a substance resembling 
wood in appearance. This substance was taken and ground into 
dust, mixed with lime, suDjectcd to a powerful pressure, and made 
into bricks, of which he exhibited some examples. These bricks 
required no fire. After being pressed they were allowed to drj', and 
could be used at once, tlie influence of the atmosphere producing a 
slow kind of hardening.) — Editor, 

Zinc wasted in galvanizing Iron, — A large portion of the zinc 
used for coating iron is evaporated and lost. Flans for preventing 
this loss are worthy of the attention of inventors. The whole history 
of zinc is that of a waste product. It was first found in chimneys 
where ores of other metals were being smelted and people were thus 
led to seek for it in its own ores. 

Waste from Gas-works, — Constant progress has been nuule in the 
utilization of tlie waste substances produced in the m?jiufacture of 
illuminating gas. At one time the companies paid persons for carting 
away the lime used for purifying the gas. 1 he lime absorbs bisuh 
phide of carbon, sulphuretted hvdrogen and sulphur, coming from the 
distillation of the coal, and when exposed for a long time to the 
atmosphere it absorbs oxygen and becomes the sulphate of lime or 
plaster. This is now understood by a sufiicient number of fanners to 
make a demand for the waste lime at a moderate price. 

Mr. Cleland, the Director of the Liverpool Gas Works, states that 
hs has largely reduced the cost of purifying ^as by using oxide of 
iron, and saving tlie sulphur and ammonia. The material from the 
purifiers is heated to about l,Oi)0° Fahri?nheit in a close iron retort. 
A portion of the sul[)hnr combines ehemieally with the iron, while the 
balance is distilled over. As soon as the sulphur ceases to come over, 
the contents of the retort are drawn and moistened, and in this state 
exposed to the action of the atniosphere. The oxidation is rapid, and 
tbe mass glows until frequently wet and &V\rr\id. \ii «k. ^\sw 
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f ulphatc of iroa U produDed, coaUiniag 30 to 40 per cent solphnrio 
»ciJ, Tbu salt is decomposed by passing the vapor of ammonia from 
die iridic iratcra of the liydraulii: nuia^ throu^jh it. In thiii way 
lulplinte of aminouia aud so oxide of iron arc obtained. The oxida 
of iron can be usuil a^ain. The snlpkitc of aminoniB is purilied by 
cn'stalliisation. Mr. Oleland gays lluit he tiaa obtained 100 tuna of 
sulphur in this way. 

Preparalion of Sal Ammnttiae. — About tiro per cent of unmo- 
niki^C'i* water goes over with the tarry products and is eallectvd at 
the end of the hyilraiilic oiain in daUima. This itaa fonnerly & waste 
pniduct; it is now Eared, and the greater portion of sal ammoniac of 
cummunTe is prcpan-d from it. In LontLn alone 810,000 tuns of 
coal arc consumed every year in the manufoeture of fras. This rielda 
about 37,000.000 lbs. of gas water. The wnler ix sulijet-ted to distilla- 
tion in two retorts, the ^tof whieh is heated directlybv the lire, and 
the second by the latent heat of the steam from the first. "iTheeteainand 

(;as are passed through aworm to be uondcnscd, and How into a larga 
ciidcn tank eontainlng muriatic acid. Uncondensablo gases pass out 
or tho tank and are conducted through the lire where the sulphuretted 
hyilrogcn is consumed, into the cliimnev. The mnriatic acid is satu- 
rated to neutrality, and requires very little furthur treatment for tho 
formation of beaudf ill wbitii crystals of sal ammoniac. This so] ammo- 
niac is the etartins-point in the manufacture of tl)o salts of ammonia, 
and can now be obtained in great abundance by tiie above method. 

Oil and Fat from Rtftue oily Cotton, Wattt, &c. — Edward Tonybca 
digests the refuse material in about half its weight of concl>ntrat<^4 
sulphuric acid contained in leaden vessels and warmed by steam, 
Tliey are thus dissolved and the fat separated. After standing the 
fatty acids collect on tlie top, and can be removed and furllicr puriGed 
bv ilistillatioD. To the residual solution sufSncnt finely di>idcd pbos- 
phate of lime is added to neutralize the sulphuric acid, and a valuable 
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'iiliitauce ; that is, the oil of the wool. When wool has been tlnr- 
i;:h1y cleansed, it is found to have lost thirty, forty, or in some cases 
-> hi:^ as sixty percent of its weight, and the most of this is oil, — on 
sccllcnt oil for some purposes, and especially for soap. There is an 
•'^tjbtishinent in England th.it takes wool U> cleanse for the oil, mak- 
iii;; nu other charge for the work. 

The oil can be e.itracted by means of the bisulphide of carbon, 
which is a cheap article. It is also used for cxtractini; oil from the 
rape seed instead of pressing the smJ. It is aL>!o used for extracting 



NEW rLAS FOB UTILIZING SCRAP TIN. 

A new method of utilizing Scrap tin plate in the reduction nf sulphur- 
etted lead ore, has been devised by Prof, Evereft of New York. The 
theory of the reduction of sulphuretted laid ore by iron is based upon ilie 
fuct of the great alHnitjr of inn at a high bent for sulphur. Th' ~ '~ 



by ihe sulphur leaving tbt 
(onaiag the eulidtide of uoa. By the I 
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process is carried to its highest state of perfection, because the tinned iron 
plate i!) made of the ver}' best wrought iron. Furthermore, a saving b 
mode of ail the tin upon the scrips, which for many purposes, improres 
the quality of the lead ; but it is easily separated if desured. Another ad- 
vantage arisen from the thinners of these scraps ; they present so much 
surface that part of the iron is oxidized, and mokes an excellent flux, 
thus Aaving the addition of an artificial flux and reducing the time required 
for smelting very materially. The waste product used m this process has 
uutii now been thrown awav. 

• 

NEW USE FOR INFUSORIAL DEPOSITS. 

''In the lakes of Sweden there are vast layers of iron oxide almost ex- 
clusively built up by animalcules. This kina of iron-stone is called lake- 
ore. In winter the Swedish peasant, who has but little to do in that 
season, makes holes in the ice of a lake, and with a long pole brings up 
mud, &c until he comes uj)on an iron bank. A kind of Mcve is then Irt 
down to extract the ore. One man can raise in this manner about one 
tun per die:n. Besides the excellent polishing material furnished by thess 
infusorial deposits, Liebig has recently drawn attention to another appli- 
cation of which they are susceptible. His ob^^ervations were made upon 
an infiisorial deposit wlilcli constitutes the under soil of the commons or 
pl.iiiis of Liinelnirg, in Germany; and hch:is shown that these microscop- 
ic remains, as well a^ tiiose t iken from several other localities, can be 
very easily convcr'ed into silicate of potcuh or silicate of ^odcL^wvo^ 
times known as ^soluble yhissJ It was firht ascertained by analysis that 
tliis ir.fusorial earth contained 87 pi r cent of pure silica. The foUjwing 
method was the i adopted to Cv)nvert it into silicate of soda: 148 pouncu 
of calcined carbonate of soda are dissolved in five times their weight of 
Iwiling water ; to this is added a milk of lime, prepared with 84 pounds 
of quicklime. After boiling the mixture for ten minutes or a quarter of 
nn hour, the olknline liquid, which now contains caustic sodi, is decanted 
oif from the insoluble cjriwnite of lime, and evaporated in an iron vessel, 
until it has acquired a specific gravity of 1*15. At this moment 240 
p lunds of the infusorial earth is added. The latter dissolves rapidly in 
the alkaline solution, and leaves scarcely any residue. If by any accident 
a smaller (|uantity of infusorial earth than that prescribed be taken, the 
soluble glass obtained is too alkaline and very deUquescent*" 

SILK NATURALLY DYED. 

Some experiments of an intere!>ting character have recently been made 
In Italy, with a view of causing the silkworm to produce silk ready dyed. 
On this point we know that when certain coloring matters extracted firom 
the vegetable kingdom are mixed with the food of animals they are 
sbsor ed without decomposition and color the bones and tissues of the 
body Starting from this fact, Messrs. Barri and Alessandrini, in Italy, 
sprinkled certain organic coloring matters over the mulberry leaves on 
which the silkworms were feeding. M. Roulin, in France, employed in 
the Kame way the coloring matter known as chica. These attempts have 
met with partial success only, up to the present time. Colored oocooni 
were however thus produced several times. Some observers assert, how- 
ever, that the silk was not really secreted in a colored state, but that the col- 
oring matter sprinkled on the leaves merely adhered to the body of the 
^rub and colored tlu cocjon mechamciUy auxm;j^\\a cooaKxvaG^Ass^ t^ 
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appean to be the ri?a4on why the colnred iiilk Ihat wns ohtnlneJ in them 
ei|>criment<< wax neilhu unifurm in tint nor nf n good c^ilcir. Otherii, 
hiiwever, Rtjll peraial in a contrary o|ilnioQ. M. Rniiliti commenced his 
experiment!! by sprinkling ittiUgo over the mulberry leaves, and obtained 
blaa toeoanti be then experinienied with ehiea,h line reddyeextracle:! 
from the Bigiumia chita, which the indiLuw of Oronocu emiilny to dye 
their •kill, aiid obtained cocoons of a. red color with a tolerably uniform 
tint, and of it permunent dye. He still CDntinuen these invcstigalions, 
hoping to obtain silk ready dyed of ulL kinds of colors. 

ARTIFICIAL CtlLTtrUE OF OYSTEBS. 
The plan of M. Coste, of France, for propaptting oysters which 
under the iiuit]Hoes of the French Government is now in taosl successful 
operulion, u substantially is follows ; M. Coste |^ts frenh oynters for 
propjg:il!on from the open tea ; he turns to Ddviintagc thoae tkit are 
rejected by the l/ade ; and, bally, he collects the mvriads of eial)ryo 
oysters which, at each «]iawning seoaon, issue from llie valves of the 
oyster, and which are now lost to commerce for want of some contrivance 
to prevent their ewipc snd inevitable destruction. Every ovstec produces 
from one to two million of young; out of these not more th:in ten or 
twelve attach themaolves to their jKirent's nholl ; nU Ihe real are dispemed, 
perish in the mud, or are devoured by Rsh ! Now if bundles made of 
tho branches of trees, Hif^ts of brushwood, or any siraUar objecut, be 
let dowq and secured to the oyster banks by Weights, the young oysten 
will, on issuing from the parent's valves, attieh themselves to theiie 
£igi>ts, and may, OD altaininK perfect f^owth, be taken up with the branche* 
«nd iransparted to places where it ia desirable to establish new oyoter-beda. 
A modol plan for breeding oysters may tie seen in the lake of Fusatn, in 
Ittly, where mussels and oyttera ore adtieatal with much success, — 



•e atmoxt the tnlire quanlilv of xpawn i« dtBclnpcd toUhout lose, 
\jae of the beds of oysters thus prepar'-d by M. Cost " "' '' 

of the river Aiimy, in France, jieldcd the first year aflei 



ir 20,000,000 of good merghanLtble oysters. 



OK aOUE OF TBS SODBGES AVAII.ADLB FOB TUB SITTFLT OF 
POTASH. 

Tliroe nr four reara a^o MM. MaumeD6 and Bogelet patentJid is 
England a method for obtaining potash from Saint, tlia namo given 
iiy the Fruncb to a eampoand of potash and some organic arids, 
wliii'h is excreted in the sweat of sheep and found on tho wool. This 
(.■ompound is eaaily soluble in water, and is obtained from the wool 
by aimpl« vubing; the solution nu^ then bo evaporated, and the 
pota«h obtained by calcination and lixiviation. Saint forms about 
15 per cent of the weight of the raw fleece, and yields 33 por cont 
of iiolash, so it is easy to see that if all the acourings of all the wool 
produced wm worked up, the supply of alkali from this source alone 
wunld be verj considerable. MM. Maumeni and Kogelet hare, in 
fact, calculated that the washings of the raw Aecccs from the 47,000- 
0(H) of sheep ia Franeo would produce nitrate of potassium enough to 
vhur^ l,8l0,00a,l>IK> cartri<l-;es. which k no doubt tho rnont useful 
ajiplicatiun of the product they cun conceive. 

Aaolhor imall aourco of potash is bcct-rout juice. tXu^ks ol on 
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great interest to En<^ish readers, bot we may meotion that when the 
Eqiior remaining alUsr the fermentation and distillation of beet-root 
molasses is boiled down, incinerated, and the charred mass Uxiriatcd, 
a considerable amount of potash salts is obtained. The molasses 
contains from 10 to 12 per cent of its weight of salts, more than half 
of which are alkaline. 

The home sources to which English manofactores have to look for 
their notassium compounds are sea-weeds and the primitive rocks. 
The tuvt of these sources has long been worked, and the industry is 
well understood. Nevertheless, the mctho<ls employed for obtaining 
the salts have been found carable of much improvement, which it has 
received at the hands of Mr. £. C. Standford and others. Sea-water, 
we sliould remark, may always be looked to as a source of potash, 
but this is of the less importance to us in consequence of our sources 
of common salt. 

TIio account of M. BalanTs process, with the modifications intro- 
duced by M. Merle, for separating the saline constituents of sea- 
water, will be perused with interest by all scientific readers. Sea- 
water is first concentrated to 28^ Baum6 (or 1'24 sp. ^.)* *^ which 
degree four-fifths of the chloride of sodium is deposit^ There 
remain in solution with the other chloride of sodium, sulphate of 
magnesium, and chlorides of potassium and magnesium, lu. Merle 
now avails himself of M. Carrels refrigerating machine. The mother 
liquor, a little diluted, is made to pass in a continuous stream through 
refrigerating^ vessels constructed on M. Carrels principle, by which 
the liquor is cooled to — 18^ C. At this temperature a double de- 
composition takes place between the sulphate of magnesium and 
chloride of sodium, sulphate of sodium being deposited, and the 
chlorides of magnesium, sodium, and potassium passing; away in the 
solution. To separate these chlorides the solution is then boiled 
down to 36° B., at which neariy the whole of the chloride of sodium 
is deposited in a fine powder. The hot liquor from this is next run 
off into shallow coolers, when the whole of the potash is deposited in 
the fonn of a double chloride of potassium and magnesium, from 
which the magnesium salt is removed by washing the mass vnth half 
its weight of water. In this way } of tiic chloride of potassium are 
obtained in a tolerable state of purity. Our readers will see that no 
account is here taken of the bromides and iodides, which, indeed, 
arc thrown away with the chloride of magnesium. 

The small amount of potassium salt in proportion to the sodium 
couiiMunds obtained from sea-water will of course limit this industry 
to those countries in which the latter compounds have a higher rela- 
tive value than in England. We may look with much more interest 
to our mineral sources of potassium in the primitive rocks. Many of 
our readers no doubt have some acquaintance with a process for 
estimating the alkalies in felspathic rocks, which consbts m calcinins 
the mineral with a mixture of fluorspar and carbonate of lime, and 
washing out tlie alkalies which have ix^come carbonated in the cald- 
nation. The great objection to this as an analytical process is that 
the calcination must bo repeated two or thn»e times in order to be 
certain of removing the whole of the alkalies, all of which may, how- 
ever, be removed in a single washing. It is this process irfaich 
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Mr. F. O. Ward aud CapUin Wyoanta h»vB utilized, and so far pei^ 
fcct«l w to make it availalik for the production of potash on a mao- 
ufai'turiiij; ariAu. Tlie f(,-Ltpar U gruuiid to a Ciua puwdsr, and thi^n 
uilxcd tritji liiiDl_T-powd(.'n.<d fluorspar. To tlu>s(! i^lialk and Lydrate 
of lime are added, and tiie mixture, moistened vitb water, in made 
up int4> Lalla. Tliese are exposed to a yellowiah-red Leot for sovurJ 
huur», by wliicb the; ant canvert«d into a Burt of poruuii frit. On 
saluHHiucnt lixiriaiion with but water llus frit yields tlio whole of the 
alkali previously existing in the felspar. Tho tikaliue lye of course 
contains some silica and alumina, but tbetw are cnitily rcinored b; the 
addition of a little lime, and llicn the liltured liquor has only to be 
boiled down in order to obtain a product very much raseuiblin({ 
Ajnerti^aa potashes. 

Simple as this process appears, it baa only been made practically 
■vaibfjlc after ao enormous oumber of cxp«riments, both on a L-irge 
and ninall Ecfllc. The best proportions of maCerlalK, tlm best temper- 
ature, and the biut mode of applying the heat, Imd each to he deter- 
nJncd. and could only be arrived at after great labor and oxjh-'dsc. 
All these points, bowever, appear to be settled, and wu may now 
look to llic industrial applicatian of the process to fumuh us with aa 
abiuidauij of pot&sh. — Luiulon CkeBucal Gazeite, 

8UUUABY OF ISDCSTItlAL NOVELTIES. 

y<«i Plan for Mural Dre.oralion. — SI.'BaIze of Paris bat recently 

"Night out a new plan of painting In enamrl on a large scale, intended 

Ripcrsede mosaic, fresco, and other methods of tuurul decoration. 

lie plan seeuu to be neither more nor leas Uian Ihu molhud of tbc Dutch 

tile-painters of the sixteenth and seventeenth centuries, by is ' 
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am uMid un the continent to surround kitchen Urt^phic-es, and the like, — 
arc placed upon tbc floor and nitiubcrcd, according to tbeir positions, so 
as to admit of rearrangement. Upon the ground thus displayed, tlie 
BTtiet, with a lull brush, paints his picture, the tiles arc rchakcd, ajul 
tlic work, where it RMiuirea it, retouched. The tiles may tlicn be 
pbicod upon a wall, and the work is done. The result is a durable 
picture, wholly of Uie artist's own production, on any scale, compara- 
tively inexpensive, unaffucte<l by a foul atmosphere such as tliit of 
Loudon, wliicb may be cleaned with a bireb-broum, and be as brilliant 
in ci'lor as we need to have iL Although this plan is by no mcaru a 
novelty in Art, or even in domestic dccomtiun, it suggests what might 
well ht dune lu «ituatJotu whore great rellucment of ornament is nut 
required. 

F/Klilioia Slack) of Wood. — A patent baa been taken out by G. 
Colmob, of Aigle, Switzerland, for uiaking ornamental blocks oi'wo<Hl 
as Ibtluws; lln tjikcs the shavings of aoll pine orol^crwooil, and dyes 
tliem different colors, then packs tbem together so as to llinn a truss, 
which is put into a frame and dipped Into a solution of warm glue ; it 
is tbeu Bubjcctcd to severe pressure and furmcd into a btucic, rIUt 
wbichit isJriei] with a cum>nt of but air in a warm room. Suchbloi^ks 



tbeu Bubjcctcd to severe pressure and furmcd ii 
ich it is dried with a cunvnt of but air in a warm r 
Tood mny l>e cut and used fur ornamental purpt 
high-priced luiturol wuods that uri' cuipluycd fjr cabinet work. 
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Imjyroved Loam, — At a recent meeting of the N. Y. Polytedudo 
Association, Mr. Overton described a new loom in successfiil operatioOf 
in which the ordinary beater was dispensed with. A motion is pro« 
duced in which the shuttle is carried backward and forward by a cir- 
cular beater placed between each thread, so that the transverse thread, 
forming the woof or filling, is pressed up by a spring as fast as the 
shuttle moves. The objection to the ordinary loom is the concussion 
made by the beater. These concussions are so great that where 
many looms are placed in one building they have the effect of a con- 
centrated blow, thus shaking the whole structure. Buildings con- 
taining weaving apparatus must therefore be made with unusually 
strong foundations and heavy walls. The object of the new invention 
is to remedy the effect of the beater, which presses the filling only 
after the shuttle has passed beyond the warp, by a beater which oper- 
ates continuously with the shuttle, thus accomplishing by a series of 
pressures what was formerly done by a blow. 

Weimer^s SdJ-instructing Scale far Pianos. — This consists of a 
number of blocks, so formed that tney may be readily placed against 
the key-board of a piano : resting on the keys without interfering with 
the action of the latter. On the blocks are painted lines represent- 
ing a musical staff, with notes, each of which represents the key di- 
rectly beneath it, the letter or name of the note being painted direct- 
ly below the latter, so that the scholar, as he strikes a key, may see at 
once its name and the position on the staff of the note designating it. 

Improved File. ^^ An improved file, recently invented by R. D. 
Dodge uf Iowa, is made up uf a number of small steel cutters,-— in 
shape porallelograins,— which are ail slipped over a central bar, and 
there confined by a sliding shank, and a screw-handle. These cutters 
are simply flat pieces of steel with oblong holes in them, the edges 
being beveled off so as to form a cutting edge. The object is to 
produce a file that can be easilv shaqiened when dull, that wiU bo 
more durable tlian an ordinary file, and one that will work more effi- 
ciently for special purposes than files of the usual construction. 

When the handle is unscrewed, the shank can be slipped ofF« and 
the cutters removed and sharpened on an emery wheel or grindstone, 
tlius obviating the necessity of re-cutting, as is done with other files. 
— ScietUific American. 

Artificial Ivory. —The following method of producing an artificial 
ivorv IS published hy M. Ghistain of Paris. Take 60 per cent 
of the powder of marine plants, 15 per cent of glue, and an equal 
quantity of coal tor ; boil till thorouglily mixed ; dry in an oven at 
a temperature of 300° Fahr. till it becomes plastic. The compound will 
assume the appearance of ivorv by heating it in an aqueous solution 
of caustic potash, and letting it macerate for several hours in diluted 
sulphuric acid; after which subject it to the action of chlorine or 
chloride of lime, repeating the operation till it becomes perfectly 
white. 

New Applications of Aluminum. — R. Pinkney, of London— a 
manufacturer of metaUic pens — has applied for a patent for pens 
made of aluminum and copper alloys, as a substitute for those made 
of steel and gold. He states that an alloy composed of d5 per cent 
aluuunum Is oi a fine gold color ; and another composed ot H per 
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eent of copper b of a beautiful green color. Aluminum bronze is 
very ductile, and ia suitable for undergoing the rolling and hammer- 
ing operations through which steel and gold pass in the making 
of pens. 

Aluminum Brtnuse Powders and Leaf.^'A patent has also been taken 
out hy J. Enrood, of London, for manufacturing powders of alumi- 
num bronze to take the pUce of common bronze powders, and Dutch 
metal leaf, to be applied to paper-hangings, gildings, &c. Alumi- 
num bronze is composed of 90 parts copper and lO of aluminum, and 
is of a beautiful yellow color. It is roiled, annealed, and beaten 
until it becomes as thin as foil or leaf, in which condition it can be 
used for common gilding. To reduce it to powder the foil is stamped 
and ground in the same manner that common bronze powders are 
reduced from tin and brass. 

Hermetical Beards for PetroUum. — It is well known that crude 
and refined oils, fr*om their great permeability, readily penetrate 
through all wooden barrels or packages hitherto used, so that their 
loss from leakaee and evaporation has been a large per cent, 
amounting to miluons of dollars annually. To prevent this, metallic 
barrels, metal-lined barrels, etc., have been substituted, but without 
fully attaining the desired end. Mr. L. S. Robbins, of New York 
city, claims that he has discovered that by first coating a barrel with 
drying linseed oil, which answers to the cuticle of a tree, and then 
treating the wood of the barrel frt>m the inside with a strong solution 
of potash,— that each barrel so treated will take up about 18 
pounds of water, which firom the oil coating on the outside can never 
evaporate, nor can the oil pass through, thus making it essentially 
and positively a hermetical package. — Scientific American. 

New Maritime Sounding Apparatus, — M. Gouezol has invented an 
i^pparatus in which the suspension line is dispensed with. It consists 
of a rod of iron, furnished with nippers at the extremity, which sup- 
ports a cylindrioil weight capable of being detached from the rod ; 
above the weight a float of hollow metal is fixed, which contains a 
small clock so arranged as to stop by concussion ; a bell is also at- 
tached, and above the whole a signal. The time of dropping the 
apparatus is noted ; on striking the bottom the clock is stopped, and 
the float is detached and rises to the surface ; the depth is calculated 
from the time of the descent. The objection to long lines in deep-sea 
Bounding, which are bent by under-currents, seems to be obviated 
by this invention. 

A Preparation for Preserving Leather, — We translate, from the 
Oerber Courier , a receipt for a preparation which is said to insure 
great durability to leather, and to make it very pliable and soft. It 
consists of four articles, tallow, soap, rosin, and water. These 
ingredients are prepared as follows: 21 parts of tallow are melt- 
ed in a vessel, three parts of rosin added, and the two when melt- 
ed mixed well together. In another vessel seven parts of good 
"washing soap are dissolved in 70 parts of pure rain water. Alter it 
is dissolved and the mass heated to the boilmg point we add the part 
prepared before, let it boil once more gently, and the preparation is 
ready for use. It is especially adapted to boots, harness leather, and 
belting. — Sl^oe ami Leather Reporter . 

7* 
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A New Adhesive Oum, — M. Stahl recommends a new process for 
the consolidation of friable fossils and other articles liable to break. 
Hitherto, in order to give sufficient solidity to such fossils preserved 
in museums, they used to be dipped into glue. Pieces thus prepared 
with due care acquire sufficient hardness to allow of their being han- 
dled at lectures, and will keep a long time, provided they are not ex- 
posed to damp. But in the case of fossils containing salts, glae loses 
all its power, and in such cases no attempt has been made to consoli- 
date them. Pieces treated with glue do not admit of good plaster 
casts bein^ taken of them. The glue, swelling under the wet plaster, 
either splits the model or raises up the pieces of the mould ; or, if 
there is too little glue to effect this, a chemical action takes place by 
which the surface of the plaster, in contact with the model is decom- 
posed, and the finer details are thus obliterated. 

M. Stahl obviates those inconveniences as follows : — 

lie takes four parts of common rosin, and as many of spermaceti, 
which he melts and mixes together. While the mixture is boiling, 
he applies it with a brush on the surface of the fossil, which becomes 
hard as soon as it is cold, when casts may immediately be taken of it. 
In the case of brittle but compact substances, spermaceti alone will 
do. When the fossil is still sticking in the eartn, and there is dan- 
ger of breaking it in getting it out, the mixture may be applied ; but 
as it gets cold on the surface and makes a kind of crust, M. Stahl then 
passes a ball of cotton steeped in burning spirits of wine over it; the 
crust immediately melts, and is absorbed by the fossil. 

Rattan Splints. — These splints have been invented and used in 
England for the treatment of fractures and other injuries where the 
use of such appliances is indicated. They are constructed of from 
four to seven pieces of cane cut of equal length and fixed parallel to 
each other by means of copper wires passing through the sides at 
given distances. The advantages of these splints are their lightness 
and fiexibility, admitting air between the rods, and thus favoiing the 
functions of the skin. 

Large Lithograph. — The largest lithograph ever worked fix>ma 
single stone has been shown in Paris, during the past year. It was a 
life-sized picture of Napoleon III., and the print measured upwards of 
six feet high by three broad. The stone was eight feet by lour, and 
uniformly excellent in all qualities desirable U>r lithographic pur- 
poses. 

Reproduction of Pencil Drawings, — Some time since, M. ViUanis, an 
officer in the Russian service, observed that if a sheet of paper on 
wliich a plan or any drawing or writing has been executed with pen- 
cil, be moistened with acidulated water, and afterward inked, the jx^n- 
cil marks alone will take the ink, and the whole drawing map^ then be 
transferred to metal or stone. Captain S^'tcnko, direc1;or of the pho- 
tographic service of the staff at St. Petersburg, has introduced very 
in*;emous modifications into this process, and contrived a portable 
military press, by means of which it does not require more than ten 
minutes to effect the transfer of the drawing upon a zinc plate or lith- 
ograpliic stone. 
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^m trsK OF ZINC for coinage. 

The Frencb OoTrnitnent baviog receaily proposed to lower the lUndord 
(^ ita Bilver coioage, on account of the increaBinft acarcity of silver, and 
the continued disdppedraDce of the old silver coiooge from circulation, 
BUlhoriied M. Peligot, chemist to the mint, to make experiments to 
ascertain how fir the introductioo of some zinc, or the complete subiti- 
tuiion of line fur copper a& an alloy in the coins in question, would affect 
their appeuronce and dunbility. M. Peligot ha<> in accordance with his 
instructions, therefore, recently reporlud to the F/encb Academy, that 
hia eipsrinieuu undoubtedly show that olloyn of silver and linc ponsesa 
oonsideralile physical udvantageit over the corresponding alloys of Bilver 
and copper, while they are of course seniubly cheaper, since the market 
price of copper is more than four times tiiat of zinc 

An allny of silver and zinc, in the proiKirlJons of IBS mnc Iid835 silver 
be I'jund to be appreciably whil«r than the corresponding alloy of copper 
and silver, while it is also "remirlLably mjtfeable and " perfticLly 
homogeneous when rolled." He eiperimented also cm alloys of silver 
and zmc in atomic proportions, and found that both an alloy of one 
etjuivolent ^or 108 parts by weight) of siiver with one equivalent (or 3'i 
parts by weieht) of line, and an alloy of two equivalimls (or 216 partt) 
of silver with one equivalent (32 pirts) of zinc, are readily nulleable, 
while alloys conlaining either [wo equivilents of zinc to ooe of silver, or 
three equivalents of ilnc to two of silver are too brittle to be rolled. 
All the alloys of silver and sine upon which he experimented are more 
fu<ible, more sonorous, and mora eloadc than alloys, in the same propor- 
tions, of silver and copjier ; and when those of them which are roalleuble 
have had their mtdleability impaired by hammeritiBi it can be readily 
restored by simple heating. Moreover, the zinc alloys have over the 
cojiper alloy the very great advantage of no verdigris b«ng fiinned by 
the contact wiih them of acid liouurs and the equally great advantage or 
not bdng nearly so readily discolored by sulphuretted hydrogen, or other 
sulphur-compounds. M. Peligot, indeed, states that an alloy of BOO 
pu'ta silver with 200 parts unt will preserve its whiteness unimpaired in 
' ' ' olysulphide in which the staodard alloy of silver and 



a solution of a polysulphide in which the standard alloy of s 
ould wjon became quite bkck. 
rould thus certiinly seeia to be better adopted than coppe 



2ier would wjon became quite bkck. 
inc would thus certiinly seeia to be better adopted than copper to 
alloy silver with, for ooinn^e ; while some of the alloya of silver and zinc 



endoncd — espciaUy that of 800 parts sQrer with 200 parti 
zinc — should bo worth the attention of silversmitba, and other producers 
of ornamental melal work, 

IUFB0VEUENT3 IN E^Q&XVtHQ. 
In the process ofcngnivini; metallic plates b^ ctdung witb acids 
there lias been one obstacle to perfect work which we have regarded 
OS insurmountable. As hctvtoloro practiced, this process consisted 
in covering the plate with a thin coating of wax ; which was attended 
with difficulties almost insnnoouo table. But these difficulties havo 
been comnletcljr overcome by a French invention which is one ol 
tho most l)cautiful that has ever been made in this delicatu art. 
The inventor is Monsieur E. Vial, of Paris, and the following is 
% deKriplioo of his process : A drawin;^ is laiuLc. vVAv & ^'c«,ika^ 
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ink on a steel plate, and the plate is then plunged into a satnnited 
solution of sulphate of copper containing 10 per cent of nitric acid. 
By the action of the steel the copper is reduced from the sulphate, 
and all portions of the steel plate not protected by the ink are in- 
stantly covered with a coating of metallic copper, which protects the 
steel from the action of the nitric acid. The acid soaks awa|r the 
ink, and dissolves the steel, forming channels beneath the fines. 
But as the acid soaks away the ink it is followed by the copper solu- 
tion, and a coating of metallic copper is deposited within tne lines, 
protecting them from the further action of the acid. As the copper is 
deposited first at the edges of the lines, all action of the acids upon 
the sides of the channels is prevented, and as the acid continaes its 
work longest towards the middle of the line, the channels are made of 
*'y^^ form, which is precisely the form desired by the engraver. 

In the old method it was necessary to remove the plate from the 
bath as soon as the finest lines were etched, and to cover these parts 
with wax to prevent the further action of the acid; and the plate 
required to be removed as many times as there were variations of 
shade in the engraving. But by M. Vial^s process the copper is de- 
posited first in the finest lines, while the action of the acid continues 
longest in those which are widest. Thus the depth of the enmiving 
is proportioned exactly to the breadth and thickness of the ink-Duu4c, 
and this bv a single immersion of the plate in the bath. The process 
occupies but five minutes. The copper is removed by ammonia 
before the plate is used for printing. 

Old engravings may be reproduced by this process by transferring 
the picture to the steel plate, or the design may be first drawn upon 
paper and then transferred. 

Additional Improvements, '•-'Some cvmoiis expenmenta in engrav- 
ing, executed before the Emperor of France, by M. Dulos, are thus 
described in GalignanCs Messenger, A sheet of copper, drawn on 
with lithographic ink, is subjected to the voltaic pile, by which it 
receives a deposit of iron on those parts not covered by the ink. 
The ink is then removed by means of benzine, and the sheet is then 
in the state of an engraved copper-plate, — that is, the design is sunk 
into the plate, and the deposit of iron constitutes the li^ts. Ths 
plate is now dipped into a bath of cyanide of silver, under the action 
of the galvanic current. Silver is deposited on the copper and not 
on the iron. The plate b then taken out, and mereury poured upon 
it. Now, since mercury exercises no action on iron, it can only 
attack the silver which has filled up the lines originally made with 
lithographic ink. Hence, where those lines are, we now see mer- 
cury standing up in relief. Plaster of Paris is now poured over tlie 
plate in this condition, and thereby an impression is obtained is 
which the^ reliefs made by the mercury are reproduced hollow 
(Whv the ink was removed, or silver deposited in this case, is not 
clearly stated.) By the aid of the pile, copper may be deposited or. 
this impression, and the hollows will then come out a^ain in relief. 
One thus obtains not only a plate which may be printed from, bat a 
matrix which will give an indefinite number of plates. For topo* 
graphic engraving, the sheet of copper, after being drawn upon, 
tvcoivoa A coating of silver, which only goes u]^i\ the metal^ leavins 
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the lithographic ink untouched. The ink is remoyed as before by 
benzine. The surfaces which are thus laid bare are oxidized and 
mercury is again poured on the plate. This metal recoils from the 
oxidized linos, and collects on the silver, making reliefs where lights 
ought to be. An impression in plaster is obtained as before, and the 
electro-chemical plate which is to be used for the printing has the 
linos of the drawing in relief as required. 

IDEOGRAPHY. 

Sir W. Armstrong, at tfo British Association for 1863, in his 
inaugural address, expressed surprise and regret that, notwithstand- 
ing the many improvements of modem times in the communication 
of intelligence and thought, our present mode of writing is not more 
free from imperfection than was tnat in use centuries ago. What he 
desires is a set of symbols which will enable us to communicate with 
each other more rapidly, and at the same time more distinctly, by 
writing. Don De l^fas, Spanish Ambassador at the Court of China, 
has also recently entered upon an investigation of this general sub^ 
ject, and has published a work with the following title : **ideography : 
a Dissertation on the Possibility and Facility of Forming a General 
System of Writing, by means of which all Nations may understand 
each other without knowing each other^s language .^^ The aim of 
the author is to introduce a medium of communication which may be 
to all nations something like what the Latin language once was to the 
learned in all parts of western Europe, and what written Chinese is 
at the present day to the inhabitants of the various provinces of 
China, Japan, Cochin China, and Tonquin, where languages are 
spoken so different in sound that those who speak them cannot under- 
stand each other in conversation, though they can carry on discussions 
— as our author has repeatedly witnessed — with pencil and paper, 
lie considers it ridiculous to doubt the possibility of our domg in 
Europe what five hundred millions of Asiatics so far inferior to us are 
doing every day. Even granting this it does not prove the possibil- 
ity, still less the facility, as he maintains, of inventing and bringing 
into general use a completely new written language. lie himself 
abandons the idea of attempting to create a universal spoken Ian- 
gua<^e, both on account of the difficulty of the task, and the impos- 
sibility of securing the general adoption of the language, even if it 
were made ready to lumd. It appears to us that these two fatal 
objections apply with scarcely less force to his present effort. Ho 
has certainly proved the possibility of constructing a system of 
written communication capable of use, to a certain extent, because 
he has actually accomplished the feat, so far as to express the first 
hundred and hfty lines of Yirgil^s ^neid in his proposed language. 
But he is greatly mistaken if he thinks he has proved the facility of 
the task. Even to understand what he has done is no easy matter, 
and the labor of doing it must have been immense. None can com- 
prehend, still less acquire, his system of writing, who are not well 
versed in language, and acquainted with, at least, the elements of 
logic. We leave our readers to judge whether this in itself is not 
suifisient to prove the hopeless impracticability of the scheme. Com- 
paratively few will ever be able, and still fewer wiUxsi^^^ \a \saSu& vk^ 
use of it. 
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Wo may just state that tho method proposed consists in employins 
musical notes in different positions on tne staff to represent radical 
notions, with sundry stroke.^, curves and dots, to indicate the rarioos 
modifications of these ideas ; so that a page of the ncvr writing pre- 
sents very much the samo appearance as a page of printed mnsic. 
The symbols denote not sounds, but ideas; and the language is 
therefore a representation of thought, not of speechy^-in fact, a very 
elaborate and complicated system of hieroglyphics. It ia scarcely 
necessary to say we regard the work rather as an ingenious cariosity 
than as of any practicu value. — London AthencBum, 

IXTBRESTmO ILLUSTRATIONS OF TUB FORCE OF OnNPOWDBR. 

In the town of Erith, England, on the 1st of October, 1864, 
150,000 pounds of gunpowder were accidentally exploded, causine 
a report iieard at the oistance of over 90 miles, and a shock whicS 
people living 25 miles away thought to be the effect of ao earth- 
quake. The gunpowder was contained in two barges, and a laige 
and a small magazmc. 

As this is one of the greatest explosions of powder (over 70 tons) 
which has ever happened at one time, it is a matter of no little 
interest to note the results of the occurrence. Fortunately the loss 
of life was small, 12 killed and 20 wounded ; but the damage to prop- 
erty was very great. 

At more than two miles from the spot not only were doors and 
windows smashed in, but houses were partially destroyed. One resi- 
dence was injured to the amount of $5,000. 100 jrards of river 
embankment were blown away; fortunately tho tide was low and 
the damage was repaired with great celerity, else a large and 
populous region would have been submerged. A watchman at 
iTravesend, some miles off, one of the very few who saw from a 
distance the great catastrophe, as well as heard the awful thnn- 
dor and felt the shock, says: "On turning round I saw as it were 
a pillar of fire rising to the clouds, which it appeared to strike, and 
then spread out like a huge fan, presenting a most beautiful and 
grand spectacle." 

The destruction of houses and other material near the aoene of 
explosion was of course complete. One report says : "Tho buihlingt 
that lately covered some acres are heaps of tumbled earth and bricks 
and massive fragments of timber ; beams of half a ton's weight have 
been blown like feathers across the adjacent fields." The property 
destroyed in the surrounding district is estimated at $5,000,000. 
A clock in a house seven miles away was stopped by the explo- 
sion. At Woolwich, four miles from the magazines, a shower 
of letters, invoices, and other papers feU, shortly after the explosion, 
and an examination of these first informed the people Uiere of the 
scene of the accident. Persons at that place report: "Immediately 
after the calamity an immense pillar of smoke rose from the spot bign 
into the air, thick, black, and palpable, with a huge spreading top, 
and about a quarter of an hour elapsed before it died away.** 

In and near Erith, twg or three miles from the magazines, for 
Bo.no minutes after tho cxplo.non, "the earth heaved and trmnbled.** 
Moa were thrown Tioleatly from their beds ; scarcely a boose in tiis 
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place hsd & p^e of gliun left whole. At Woolwicb, four milea dU- 
tanC, door and irindoi* frames kdJ saahes were smashed in, portion! 
of ccitlDg and wall shaken down, ituuiy panoat were rioleaUJ tlirowa 
out of lucir beda, and several persons wcn> iujured. 

At Cliatham, 2o miles distant, tlie windows iu tbe great «ork9bo|M 
were vioL-ntly sbalcca, md doors wurc forced open. , 

At Deptfora. four or five ita\es off, 150 gaslltjlit^ in a lariro factory 
wore blown out at once. The same thin' occurred at a police statioa 
ia Whiteclupel, London. The people of Soham, 80 miles from Gritb, 
beard ■ noise resembling thunder, and felt a shock which they attrib* 
utud to an earthquake. The souml of the tremendous report fpread 
CTcn further, for it was lupposeil to be distant thunder at a place 94 
DiitHB awav. In the Crystal Palace in Ijondun, some doori wcro 
violently forced open, and paLnlin^^g knocked down from the walls. 

The m^st rciiurkable effect of the explosion waj upon animiU in 
tbe Ui^u region around. The mortality among canary birds for 
miles around was very great ; they dropped from their percbea and died 
of fright, or of tbe concussion. Parrots were badly frightened, and 
dropped from their perches to the bottoms of their cages, refusing tu 
speak for aome hours. Dogs, cats and other animils manifested 
symptoms of the greatest alarm. For many miles from Erith the 
cattle in tbe fields, at first struck dumb and motionless at the stunning 
report, presently set off in the wildest excitement, racing around tha 
enclosures, and could not bo (iuietcd for some hours. All the lUiurchea 
fur la miles around, and most of them for 30 miles, have suffered by 
broken windows and cracked walls. 

Such were some of the phenomena of this terrible explosion. 

A writer in tbe London 2Vi7iesthus speculates on the probable effect 
of the explosion of 2,000 tons of powder, the amount stored in the 
government magazines at Furdeet, 10 mill's from London : — 

^,00U tons of powder would occupy To,OUO cubic feet of space, 
or equal to a pile 100 feet lon^, 40 feet wide and 20 feet mgb, 
quite the size of an ordinary parish church. As powder, at tlie 
moment of its oxploaion, exerts an elastic force of 1,000 times the 
preMuro of the atmosphere (15,000 pounds to tbe square inch), tbo 
Ignition of this quantity would instantaneously liberate a force equal 
to 14,000,000 tons. As tbe vibrations of force radiate equally in all 
directions, like those of light and heat, it necessarily follows that its 
intensity diminishes inproportion oa the circle of its radiation in 
creases in diameter. Thus, taking the direct distance from Loudoq 
to PurHeet as 16 miles, an explonion at the latter magazine would, 
by the tJme it reached town, be distributed over 10,000,0ai,000 
square yards of surface, and, therefore, the mechanical effect of the 
shu(;k to the houses in London would be a little over 31 pounds per 
square yard of surface, or iiO pounds on the front of an ordinary 
average dwelling-house. This would be augmented to a slight 
extent from the fact that the power of tbo shock would not radiate 
downward in conaequenee of the earth, and would rvact in other 
din-ctiona, 

Tho quantity of powder exploded at Erith on the occa«ion of the 
late catastrophe was 104,000 pounds, or 1,733 cubic feet; tlus, prob- 
ably, produced a force of 80),'XX) tons, and this, Taidvi.t.\Q^\a\Jani^»^, 
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was spi'^ftd over a space of 5,600,000,000 square yards, and redaoed 
its cflfective force on the houses of the metropolis to about six ounces 
per square yard. It may seem surpri^nne to manjr that this small 
force should have been so distinctly felt ; out when it is remembered 
that a very few pounds exerted in banging a door will gi^e rise to a 
very se\^re feeling of concussion in most houses, the surprise will 
cease. The pressure which would be exerted upon the houses of the 
metropolis by an explosion at PurAeet, of three pounds or four pounds 
per square yard, would probably bo sufficient to break most wmdows 
tacing in its direction, and houses would feel the shock yer^ severely ; 
for, though the pressure would not be more than that specified above, 
the wave of force arising from such a quantity of powder would be 
of great duration. 

UfPROVEHENTS IN THE SCIENCE OF WARFARE. 

The Ship of the Future, -^imj^regnabU and unconquerable, ^^Tha 
London Mechanics^ Magazine, in the following interesting sketch, 
gives some hints as to what will be required for effective harbor de- 
fence, and what can be done to make a coast line impregnable to an 
enemy. It says :— 

** Let us take a plunge into the future, and describe the ship or 
gunboat which can best defend our shores. She will possess three 
paramount qualifications : Firstly, she will carry guns capable of 
playing havoc with any ship from distant ports able to live in sudi 
seas as she would have to encounter in order to roach our coast; 
secondly, our ship of the future will steam fast enough to run along- 
side any foe at her pleasure, or to retreat, when that very objectiona- 
ble step is dictated by the necessity for drawing the foe into a region 
where she can be properly attacked; and, tmrdly, she will be so 
heavily armored that an enemy^s shot shall fall harmless from her 
sides. 

These characteristics can only be obtained at the expense of many of 
those (qualities the possession of which can alone render a man-of-war 
fit for foreign service ; and this is well, because the right ship is cer- 
tain to remain in the right place only when there is no other place to 
which she can go. Let us treat of her armament, in the first instance. 

As regards sub-marine artillery, many recent experiments prove 
conclusively that the discharge of the heaviest ordnance beneath the 
water level, is not only practicable, but that the effect of the mlasiles 
so discharged is terribly destructive at short ranges. Our future 
ship will carry two 20-ton muzzle-loading guns; we imagine that 
guns of the Blakely or Parrott class will be found most suitable. 
These guns will habitually use conical ly-fronted elongated shells, 
and heavy charges of powder. On board, two or more *' wells ^ will 
be constructed, or rather two water-ti^ht compartments into which 
the sea can be admitted, or from which it can be excluded at pleasure. 

For six feet or thereabouts, above the water-line the ship— about 
260 feet long — will be very heavily plated, the plating at that 
height terminating in a shot-proof deck. Two inches of iron on six 
inches of teak and strong deck beams will go far to make this deck 
all that is required, as shot must always strike at a very obtuse 
Mogla, A aeoond deck will be provided at or about the witer-Unev 



■EOlA^ItCS AXD tlSEFL-L ARTS. 8B 

and into the intcrv«inin^ apacv tbi? guns will be nlsQil in order 
Lli.it tliry taay he loodcil, while tbey will bo siilimci^ed iii tbe 
wattr, in order Ihiit (Li;v miy be di»thargod, froin five to »evrn feet 
below [lir waler-livel. Periiaps a eomcwliat dilTcreiit arraji^cinvnl 
aaj- he sdupted ; iu any rase, however, tbe gUDB muiit be eapalilc of 
doinf^ damage below the water-level. 

Light wooden top-aidca luay bo provided for the eomfort of the 
CTfw, and, jwrhaiM, to deecive an enetay as to the real eliikruetiT of 
the afaip with wTiich we would have to cope. A light draught of 
water will be indispensable ; 1'2 feet way be Ukeu as a loaximum, per- 
haps, beyond wliich it will not be pmdeot to go, aa a ship of this 
chua roiwt be able to ran elosc in shcjnt. As a conaequeDu! of the 
brvadth, wy 30 feet proportional to lier length, our sliip will have 
a very itot lloor. Iler plating must be bronght down far below ttie 
waler-line. As little armor will be carried above that level, tbem is 
appareutl/ no reaaon why the hull should not poasess ample buoy»ne/ 
to supjKirt BDV reasonable weight wlueb can be suspended from its 
■id«s ui this way. MAUta and aails will be out of place. 

The utility of this gunboat, for aueh she will be virtually, notwich- 
Maniling her size, wiU alisolutely primarily depend on great speed. 
With such a tooderate dntuj^t of water as 12 feet no single serew 
w;>uld be sulHcient ti) confer this <|ualiGeation ; and for this nuuon, 
and sorao otlicr eonsiiloratiuus conneetud with facility for nuniGUVer- 
in'^, it becomes expedient that two propellers should be cmjiloyed. 
Tiiese propellerx, then, will lie driven by independent en;rines uf 
gniit power, direct acting, and capable of muuing at a very high 

As the ship is not intended to proceed further out to sea than 50 
or GO miles, or to take any cruise which would oceuiiy more thaa 
three davs at most, nearly all the space on the lower deck from one 
end to tlio other will l>e available for eaginoj, boilera, and coal ; aad 
bscatiso SiV) Mas o( this last will always be enough to take on board 
at one time, an enormous amount of boiler room will be available. 
TliB engines will be constructed to wi)rk expansively under ordinary 
eir^um-itanees, with J or J boiler'power ; when going into action the 
f'lnncLi may bo lowered, and blowers littodin Uio onginu-room will, 
uvuu then, with ease, burn 50 pounds of coal per square foot of 
graie. 

Xt the hull to be driven will be long and sharp, a speed may. under 
Bucb conditions, be miuntained — the engines being worked at full 
power, aiid (be steam fitll stroke — for four or five hours at a time, such 
as no soa'going ship ever eijuallcd. In moderate weather as much as 
:.'l knots may be realized. As the engines will only be called on 
t<> mike Bufh an cxtraordinair exertion at rare intervals,* and as 
l>!''iity of time will always be found lo make repoini in pjrl, where 
such ships will spend much of their time, diere is little d^n^er of a 
breabdown. and the machinery can always bo kept in first-nte onler. 

Storos, water, every cooiideration save armament, will give way to 
the attainment of exeussive speed for coiaparslively short poriudx,— 
■ speail iriiich it is impossiUe to rerilize under any other conditjetis,— 
lud wliich will convert these coast defence ships into sua-eavjiea, 
ig their Mwoap where and wUuti they lAeMft iVoa"! V> (Wi iioutB»\ 
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dostroyiQ^, sinking, barnin*;, ^et alTording no tangible object of it* 
tack to an enemy, whose ships they can pursue, overtake, fly fix>ni« 
elude, with an ease and certainty which finds no parallel^ aave in thf 
career of the great destroyer of all things— Death. 

Their mode of attack will be very simple,— each ship will run along- 
side a foe as quickly as possible ; while in pursuit, short as that pui^ 
suit will be, her guns may be used above water with e£Fect, perfa^is; 
at all events, they may be used. It will be no easy matter to prevent 
our ship of the future running alongside any ordinary iron-clad frig* 
ate. It may be equally impossible for her, being aiongsido, to re- 
main there ten seconds ; but these ten seconds are suflSicient to dis- 
charge two 20-ton guns below the water level, below that six or 
seven feet of submerged platini? which we find on the sides of the 
Warrior or the Black Prince. We have but to turn to the last Ord- 
nance Report to learn what ensues. The largest ship afloat will go 
down, or become water-logged and helpless, in five minutes after a 
hole four feet square, is knocked in her bottom ; and at a range of 50 
feet a 10-ton gun would smash in this hole in thin skin plates, with 
ease, in much less than ten seconds. In her turn, our snip wUl set 
submarine ordnance at naught, because she can carry plating where 
no frigate or liner can, — ^far under water. Above it, from her insig- 
nifii^ant height, she would afford a very small mark, not easily hit, 
while the peculiar conditions under which she would be used, and the 
exceptional nature of the service on which she would be employed ; 
the ai)sence of heavy stores, rigging and masts ; the small number of 
her guns; the trilling weight of coals to be carried, &c. would leave 
a margin of buoyancy great enough to permit enormously heavy plates 
being carried above water, plates thick enough, at least, to render 
their pounding a very thankless task. 

It is needless to say that such a ship as we have sketched, more 
dimly and slightly than we could wish, will be utterly unsuitable for 
lon-r voyages; she must perforce remain at homo. It is absurd to 
sacrifice speed and armor m order that frigates may carry coal for ten 
days and provisions for three months* — that they nuy be fitted for for- 
eign service, in fact, — and then to co;npel them to remain at home to 
perform duties for which they are to a certain extent incapacitated by 
the presence of things which, however useful and necessary on a voy- 
age to Cliina or India, are at once unnecessary and out of place on 
board a ship intended specially for coast defence. 

Oa Ui6 Structure of Ships of War, — In a discussion at the la^t meet- 
ing of the British Association on the construction of iron-clads, && 
Admiral Belcher, B. N., submitted the following remarks: He thought 
that our ships of-war needed no more protection than would keep their 
hulls safdlv flo iting, with such protection for those fighting the guns as 
might be deemed xuificient to keep off shells and musketry, suflforing heavy 
shot to pass freely through instead of causing spiral showers of aplinteiB 
such as resulted from the destruction of the late targets at Shoeburyness. 
The prese;it paper, therefore, dealt with a mode of construction adequate 
for contending with ordinary batteries, and also permitting external fuank- 
ing, and consequently the old copi)cr sheating below water. It had been 
so generally assumed that no thickness of armor-plate could be employed 
which couia resist our new monster otdainc% \h3BxV)2A«:(Xx!Q9di»ahaa been 
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directed to meet the difficulty halfway, by protecting the mere vital shell 
of the lower hall, no as tQ defy the ordinary assault of an^ ordinary gun- 
bearing vessel which should not by its accumulated weight or mnss of 
mutter render defence impossib e. It was important, therefore, that such 
a tonnaee should be provided as should, as in the case of the Warrior class, 
be capable of floating the contemplated armament independent of the for- 
ward and after compartments, which might be assumed as mere assistant 
means of flotation, and to be so fitted with cellular dinsions below the 
level of flotation as to render injury to those parts below the reach of 
ahot of very trifling importance. 

Assuming that an iron spherical shot of thirteen inches was the missile 
to be dreaded, the question to be considered was not exactly what flat 
pbte of iron was to resist it, — for the authorities stated that no reasonable 
thickness, even up to 12 inches, would withstand the impact. Looking, 
however, only to the floating carcass of the ship, and disregarding the 
ports until we had an impregnable stage on which to place guns, then we 
should be at liberty to increase the thickness to any amount Ilis prop- 
ortion was to construct the ship on the customary plan of close iron rios, 
but filling up the interstices between the iron with condensed teak. As- 
BUQung that we constructed a vessel with 36 inches depth of rib at the 
vulnerable portions which shot could reach, which would prol^ably invoke 
12 vertical feet of her side. — say eight feet below water and four feet 
above, — we should then have a vessel of stronger framework than any 
now built, building, or in contemplation. Then assuming that thdsc iron 
ribs presented two inches at the exterior, tai)ering in 36 inches to one in- 
side, placed six inches asunder, and filled in with compressed timber or 
other matter, we ^ould have per cubic yard of biuwark 3,412.125 
pounds, that of the Warrior being 3,123 pounds, showing only a ditfcr- 
ence of about 290 pounds to the cubic yard. 

It was vet to be determined, by actual experiment, whether that resist- 
ance woufd ofier the protection Bou*;ht. Perhaps it would not, but as he 
proposed to add a six-inch ])lankin^ outside, he considered that the com- 
parative danger with our present iron-clads would \ye reduced to ntV, or 
at le ist to something which would satisfy the seamen. On a previous 
occasion he had alluded to pa|)er as an oppa<«ing medium. In 1816, at 
Algiers, a ream of foolscap, end on, resisted a G8-pound shot from a 27- 
feet gun, at 76 yards; ana in 1854, he proposed to the Admiralty to con- 
struct movable battery rafts of brown paper, but the design was not car- 
licd out. Lately, he learned from a newspaper that, ten years after his 
proposal, it was found that paper of one inch thickness was fired at and 
not quite penetrated, while a similar shot went quite through ten inches 
of giod oA. In conclusion, he would observe that condensed millboard 
weighed less than oak or teak, and, interposed in the manner he had sug- 
gested, might form a target which would set even the largest ordnance at 
defiance. 

Ericsson on the Consimction of Impregnable Armor. — The fol- 
lowing is an extract of a letter recentlv addrt^ssod to the Socretar}- of 
the Na>'y on the aljove subject by !Slr. Ericsson: "The English 
have failed in produc-uiji: an armor capable of resisting projoetiles of 
groat siMJcd and woif^ht. Solid blocks of wrougJit iron, of tl»«^ l«'st 
quality, one foot in thickness, have been split under IbevcD:^ 
projvcdlif. The enormous dyiuimiu force \odgird ui i2bA 
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pared with the inadequate cohesive force of the metal at the place 
struck, together with the incompressible nature of the material, fur- 
nishes a ready expknation of the cause of the fractures which hare 
resulted from heavy charges of powder at short ranges with the solid 
English targets. 

** Having attentively studied the subject, and demonstratod satis- 
factorily the cause of the unexpected destruction of the enormous 
solid targets, the expedient at once suggested itself to the writer, of 
applying a laminated protection in order to exhaust the vU vvoa (d 
the shot, by degrees, before reaching the solid blocks intended as the 
real armor. The peculiar feature of the laminated protection is evi- 
dently that each successive lamina, or plate, may be split without 
aflectlng the next ; formin<^, as it Joes, a separate body placed at a 
measurable distance from the neighboring; plate. Not so with a solid 
projectile ; a split or crack of sufficient width must inevitably — owing 
to the incompressible nature of the material — run through the entire 
substance. Hence the destruction of Uie enormous blocks of wrought 
iron tested in England. 

**Tho condition of my 15-inch target, recently tested by Captain 
Dahlgren, at the Washington Nav^ Yard, proves incontestably that, 
by interposing a laminated protection, annor may be made abeoluti*]y 
impregnable. Not only arc the 5-inch wrought slab and the backing 
of 4-ii)eh plating — toj^cther nine inches — completely uninjured; but 
there n^main also in the (centre of tlie indentation made Jbrjr the shot, 
more than two inches tliickiiess of the outer plating. The absolute 
protection thus alTorded by the G-inch thick plate lining to the 5-inch 
wrought slabs of the 15-iiich target, placet! close to the muzzle (34 
yards) of an 11 -inch Dahlgren gun, fired with 30 pounds of powder, 
proves conclusively that the side annor of the Puritan and Dictator 
will l)e impregnable. This side annor, it will be remembered, is 
composed of G-iiich i)lating, under which is insert^id the longitudinal 
wrought-iron slabs (stringers), ba<'ked by tlie 4-fcet thickness of oak, 
firmly attached to the side of the ship without the cmp]o}'incnt of the 
objectionable through-bolts employed in the Warrior and other 
Euro(>ean iron-clads." 

JteMisf/ince of Iron Plates to TIeavy Shot. — ^Ir. Scott RusselK from 
the result of the various experiments that have been made by the 
Brilii<h (rovemment, deduces the following thicknesses of iron-plaCes 
as proof against shots of various weights. For the ]?rcscnt : the 
4i-inch plate against the 68-pounder; Gi-inch p]at€ against the 136- 
ponnder ; 7i&-inch against the 200-poimder ; and 8i-inch against the 
270-pouiider. For the future: the lO-inch plate against the 400- 
pounder; ll-inch against the 5()()-pounder ; and 12-inch apiinst the 
6()0-pounder. These results, Mr. liussel states, are entitled to our 
full confidence, as the experiments at 8hoebur}'ne8s fully bear them 
out. 

New Experience teith Iron-clad Vessels in Action, — Some addi- 
tional exm^rience in the value and working of iron-clad '\'e88cls in 
warfare, lias been gained during the past year from a conflict which 
took place in tlie liay of Mobile, between a formidable iron-clad 
Confederate ram — the Tennessee — and a lleet of wooden vessels of 
war and momton, under tlie commaaOL oC Mnak^ ^ VEti^maA q£ tba 
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U. 9. Navy; — the conflict resulting in the surrender of the Confed- 
erate yessel. 

The ram in question was some two years in building, and no pains 
or expense were spared to render her impregnable. A committee of 
U. S. naral officers appointed to examine her subsequent to her cap- 
ture, reported as follows : — 

••The hull of the vessel appeared to be exceedingly strongly built 
in eyery part, the material bemg oak and yellow pine, with iron fas- 
tenings. Length from stem to stem on deck, 209 feet; greatest 
breadth of beam on deck, 48 feet ; mean average draught of water, 
about 14 feet. The deck is covered fore and aft with wrought-iron 
plates two inches thick. The sides of the vessel are protected by an 
overhang, sponsoned, and covered with two layers of 2-incli wrought 
iron. The sides of the vessel below the deck are about eight feet in 
thickness. The prow is provided with a ram or beak, which projects 
about two feet under water and is covered with wrought-iron plates. 

••The casemate of the vessel is very strongly built. It is 78 feet 
eight inches long and 28 feet nine inches wide inside, —the sides of 
the vessel extending 10 feet from it on either side at the greatest 
breadth of beam. The framing consists of heavy yellow pine beams, 
13 inches thick, and placed close together vertically, the inside plank- 
ing of )rellow pine, 5i| inches thick, laid horizontally, and outside of 
this horizontal planking there is a layer of oak timber four inches 
thick, bolted on vertically, upon which the iron plating is secured. 
The plating or armor of the casemate forward is six inches thick, 
consisting of three two-inch iron plates of about six inches wide each, 
and abaft, and on the sides, five mches thick, consisting of two two- 
inch thick and one one-inch thick iron plates of the same width. The 
yeUow pine framing of the casemate is planked over inside with 2i- 
inch oak timber laid on diagonally. 

•*The whole of the armor plating is fastened with through bolts IJ 
inches in diameter, with washers and nuts inside. The casemate is 
covered on top with wrought-iron gratings, composed of bars two 
inches thick and six inches wide, laid flat, and supported on wooden 
beams 12 inches square, and about five feet distant from each other." 

The armament of the I'enne^xee consisted of six rifled guns — two of 
7-iuch caliber and four of G5-inch, — all of the Brooks pattern. Her 
ports were closed with shutters of 5-inch iron. These were attached 
at the centre of one of their sides by a pivot on which they revolved 
by means of a cog-wheel inside, and turned out of the way outside 
when her ports were opened. The projectiles used were Oo and 1 10- 
pound solid shot. Her draught of water was 14 feet eight inches ; her 
engines, two in number, high pressure, driving a geared propeller ; 
and her complement of men and officers 1H7. 

The U. S. fleet under the command of Com. Farragut, consisted of 
several vessels of the class of the Hartford^ and several monitors. 
At the commencement of the conflict the rebel Admiral, witli great 
courage, plunged his iron-mailed vessel into the midst of his enemy's 
fleet, with a view of cmshing the wooden vessels one after another, 
like the performance of the Merrinutc in the James River in 18<"* 
Hut Admiral Farragut had other intentions. He sitrnrAloA ^vit 
fleet to gather around liim, and a combined buUvng < 
6* 
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was made by several vessels. Tlus, however, seems to have (nxxliioecl 
no effect except in preventing her from destroying any of the Federal 
vessels. The momtors then closed upon her, and after some firing 
she surrendered. The causes of the surrender were, 1st. The wound- 
ing of her commander and the demoralization of the crew. 2d. The 
usclessness of three guns, which could not be osed on aoeoani of the 
jamming of two port covers and the loss of a third. Sd. The cairying 
away of the rudder chains, by which the vessel became partially wmiaD- 
agoable. 

The report of the Board of officers above referred to, ooooeniing 
the injuries received by the Tennessee, is as follows :— 

*' The injuries to the casemate of the Tennessee from shot is very 
con8id(*rabie. On its after-side nearly all the plating is started, one 
bolt driven in, several nuts knocked off inside, gun-carriage of the 
after pivot-gun damaged, and the steering-rod or chain cat near that 
gun. There are unmistakable marks on the after part of the case- 
mate of not less than nine 11-inch solid shot having struck within 
the space of a few square feet, in the immediate vicinity of that p'>rt. 
On the port side of the casemate the armor is also iMdly damaged. 
On that side, nearly amidships of the casemate, and between the two 
broadside guns a 15-inch solid shot knocked a hole throngfa the 
armor, and backing, leaving on the inside an undetached mass of oak 
and pine splinters, about thrce-by-four feet, and projecting inside of 
the casemate about two feet from the side. This is the oiuy shot that 
penetrated the wooden backing of the casemate, although thi^re are 
numerous places on the inside giving evidence of the effect of the shot. 

** There are visible between 40 and 50 indi*ntations and marks 
of shot on the hull, deck, and casemate, varying from very severe to 
slight — nine of the deepest indentations on the after part of the 
casemate evidently being 11-inch shot, and the marks of about SO 
of other calibers on different parts of the vessel. There are also a 
few other marks, being, however, merely scratches or slight indenta- 
tions of the platiAg. The smoke-stack was shot away, althongfa it 
is not improbable that the severe ramming the vessel had previously 
received, facilitated its fall. There were no external visible marks or 
evidences, however, of injury inflicted upon the hull of the Tennessee 
by this ramming." 

It would thus appear, that the armor of this vessel, although in- 
jun^d, was nevertheless sufficient to withstand without serious d(>t- 
rimentall the steel shot from our rifled pieces, our 11-inch solid shot 
from our ships of war, and 15-ineh shell from the monitors, not one 
of which penetrated her ribs of iron, while near 50 shots altogether 
struck her in the engagement. The nearest approach to penetration 
was from a 15-inch missile, which made a deep indentation in her 
broadside, and by impaction stove through her oak backing, causing 
the splinb^rs to fly promiscuously inside. Though underway when 
this struck her, she is said to have stopped as if a magic wand had 
touched her. Her arrangement of port-shutters proved an element of 
weakness. Two of these had their system of ratchets and cogs de- 
ranged during the action, and could not be afterwards opened. A 
third ^her afler one) was shot away entirely,— that is to say, the pivot 
on which it turned was shot off and Ihc elrnXXt^t tv:^ \a >3m^'^»^\»m- 
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inp; that port open and exposed to tho hostile fire. Ilcr niddcr chjiiiu 
were also a mibst serious olcinent of weakness with her, bein^ carried 
along ber deck, and covered only with a plate of lialf-incli iron. They 
were, consequently, broken early in the en<j^cment, and her rudder 
was subsequently managed b^ means of ropes and blocks, and yet 
notwithstanding all these injuries, the commission of officers that sur- 
Teyod the Tennessee, immediately after the fight, reported her *Mu a 
condition to do gootl service,^ and although captured, her resistam'o 
is a matter of great interest and imp>rtance in the new developments 
concerning naval warfare, and furnishes new testimony to the value of 
in)n-i*1ad vessels. 

The London Times, in commenting upon this extraordinary trial, 
draWs this conclusion ; either the armor of tlie Tennesttee was supe- 
rior to any of the targets whicli represent our British iron clads, ortlio 
onlnance of the Federals Ls inferior to our artillery. We have already 
said that we do not think tlie former hypothesis could be maintained 
for a moment, and, consequently, we must close witli the latter. This 
we do without hesitation, and we imagine that most persons acfjiiainted 
with the subject would be prepared to aifirm that the guns which pen- 
etrated the Warrior target, at Slioebun'ness, would, at ten fiK;t dis- 
tance, have smashed in the sides of the Teanessee before the action had 
last4^ a quarter of an hour. 

Tronrdad Vessels, The Ironsides and Monitors contrasted.-^ Tlio 
following is the substance of a Ilep irt recently nLwla to the Secretary 
of the Navy by Commodore John Rjilgers on the coiiiparative merits 
of the Ironsiiics and Monitor class of vessels. 

These vessels have each their peculiar defects and advantages. 

In the ironsiiles class the hull of a wooden man-of-war, as con- 
8tru;*t(Hl for general purposes, is clad with iron. It is tnie, some 
modification of shape and increase of size is reciuircd to meet the ad- 
ditional weight which she has to carr)', but still in essentials she is a 
vessel of the ordinary' model ; she lias tlie advantage of ample (juar- 
ters for her crew, with free access to her deck in storms ; witu natural 
ventilation; with abundance of li^ht; with numerous guns, giving 
her a rapidity of fire unattainable m a monitor, and essential in liat- 
teriiig forts ; and she is as able to carr^' canvas as other inen-of-war. 

The monitor class, as far as I know, is new. If I understancl the 
idea, it is to cut off all the surfa<*e above the water except that which 
may be necessary to flotation, and to carrj' the guns in a n;volvin;^ 
turret, or turrets, near the center of motion, supported upon the keel 
and kelsons. 

The plans upon which llr. Ericsson has worked out this idea of 
his may be modified bv further experience, but the idea itself will l>e 
ciuployed while iron-clad vessels are used in wariare. 

it has these advantages : — 

The monitor has the least possible surface to be plated, and there- 
foie takes the least possible tonnage to tU>at armor of a given thi(*k- 
ness ; or with a given tonnage aUows the gn'atest possible thickness 
of annor, and consequently the greatest possible impenetrabilitv. 
The ability to carry armor is i>roporti()nate to the tonnage, but the 
monitor of 811 tons has actually thicker plating than the iiviui 



92 ANNUAL OP 8CIBXTIF1C DISCOVERT. 

3,480 tons, and than the Warrior, of 6,000 tons ; and yet he Irmh 
tides and the Warrior have only the middle portion of tlieir hnlli 
plated, their ends being merely of wood without armor. The gnos 
of the monitors near the center of motion are supported upon the 
keel and kelsons, upborne by the depth of water under them, and 
carried by the whole strength of the hull. In monitorfi, heavier guns 
are therefore practicable than ever can be carried in broadside out apoa 
the ribs of a ship. In the monitors, concentration of guns and armor if 
the object sougnt. In them the plating is compressed into inches of 
elevation ; while in the ironsides class it is extended over feet ; and the 
comparatively numerous guns distributed over the decks of the iron- 
sides class are molded in a few larger ones in the turrets of the moni- 
tors. When the power is required in the individual guns, enough to 
crush and pierce tne side of an adverary at a single blow, the most for- 
midable artillery must be employed ; and 15-inch guns are the most 
formidable, which, so far, we have tried ; but no vessels of the iron- 
sides class can carry these guns ; and the monitors actually do carry 
them. 

If target experiments are reliable, a shot from the 15-inch gnn will 
crush in the sides of any vessel of the ironsides class in Europe or 
America. A single well-planted blow woUld sink cither the. Warrior^ 
Gloire, Magenta, Minotaur, or Bellerophon, The Dictator, of 3,000 
tons, has armor thick enough, I believe, to withstand 15-inch guns. 

The objection to the monitor class, such as I have seen in use, are 
from fewness of guns, the lack of rapidity in fire in battering forts, or 
wooden vessels ; the loss of accommodation from dispensing with the 
upper deck, or decks ; the greater unhcalthiness from dampness, and 
from confinement below in even a moderate sea ; from the loss of light, 
and from depending upon blowers driven by steam for ventilation. 

The monitors are slower than their steam power would seem to 
promise. In all of them the slip of their scrc^ws is excessive. This 
I attribute to the overhang, which if a source of strength in action, 
from its use as a ram, and from its protecting the propeller and rud- 
der, is a source of weakness and strain at sea. The overhang has the 
advantage of keeping the vessel very steady' ; she can not roll with 
these wing-like projections holding up her sides, nor pitch, nor send 
with th? immense flat surface of the overhang to resist those motions ; 
but as the monitor is slower than other vessels of like tonnage and 
power, it must be presumed the difTcrence of shape makes the dilTer- 
enee of speed ; and the overhang constitutes the sole dififercnce of 
shape. 

If ordinary vessels can endure the pitching and sending motions, 
it may be inferred tlwt the monitors can endure them. If ordinaiy 
v(;ssels can have their rams below water, so may the monitors ; nor 
is it necessary to e(]uality, that the rudder and propeller of the mon- 
itor should be better protected than those of our competitors. 

The monitor model rolls vCry little, and is extremely easy in a see 
way. In a gale of wind, it was found on board the monitor Wee* 
hnwken, that while her com]>ani()n, wooden corvette Iroquois (deemed 
a yery perfect model), li.id an exces.«jivcly violent motion,— so violent, 
indutxi, that no one could stand upon her decks without the assistance 
pflitts UliQ9 , -^ the Wcehawken Ua»A so \iU\vi vciqVaovv xJaaX ^\y^\fik& sX 
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elarct stood for an hour upon its murotr boae on tlio dinaci^tabie in 
Ihe cabin, wlien it waa put away. 

I do not coD»<lcr tbu lownuss of tlic monitors in Ihe water a Boiirce 
of uDsofuness. They start to sea with KufHcient buoyaacy, und, by 
llie consumption of coal and prvTisiuivi, tlic.y hoarlj grow lighter. 
Anything UghtcF than water will floai upon it ; and however dMpljr 
bnritid, while lighter than wati^r, it miixt come to tlie earface; but 
eSeelual meanB must bti used to keep the Teasel ti^lit, for any ooii- 
ndvrabte accumulation of water in the hull will sink her, whii'h is 
tnie also of ships generally. The caeemated resscls, — such as the 
iroiindex, — if not safer uian the moniurs, are more comToilublo, 
and therefore probably more healthy; with greater Citililies for earrj- 



m^e, 



>r clat<B seems to admit of. 



u up my conclusions, 1 thinL that the monitor class and the 
ironsides class arc different weapons, each baring its peculiar advau' 
tages, — both neetled to an iron<'1ad navy, both needed in war; but 
that, when the monitor 'class measures its strength against the iron- 
sides class, then, with vessels of equal sixo, the monitor ebss will 
overpower the ironsides class ; and, indeed, a single monitor will 
capture many eascmati^d vessels of no greater individual siie or 
speed ; and as vesseLi lind their natural antagonists in forts, it must 
be cunsidered that upon the whole the monitor principle eoatains tho 
most succcseful elements for plating vessels for war purposes. 

Admiral Porter, also, in a report made to tho Department, Jan- 
nary, 1866, on the conduct of tlie iron-clads in the bombardment of 
t'ort Fisher, speaks in tlie liighest terms of tlie sea-wordiiucss of the 
monilor vessels. During a gale of great violence encountered by tlie 
squadron, some of the smaller monitors, at times almost disappeared 
from view, but the vessels were in no danger at any time. Of lhe^i>- 
niii/nocA; (monitor), AdmirolPortcr vrritea: "She could ride out a gala 
at anchor in the Atlantic Ocean, and she is certainly a most perfect 
success so lar as tlie hull ami machinery are concerned, and is only 
ilefeclivt- in some minor details, which in the building of tiiese vessels 
require the supciiiitendence ofa thorough seaman and a practical and 
ingenious man. The Mouadnock is capable of crossing the ocean 
alone, wlien her compasses ore once adjusted properly, and could de- 
stroy any vessel In tlic French or British navy. She could certainly 
clear any harbor on our coast of blockadera m ease wo were at war 
with a foreign jmwer. There are four vessels in the American navy 
of the class of the Monadnock, — alt ranking as second-rate iron-clads. 
They are built on the monitor pbn, but have two turrets, in each of 
which will probably bo placed a 16-hich gun and a 200-pminder, 
Their rector is l,fiG4 tons, their length 2o9 feet over all, G2 feet 10 
inches beam, and deptli of hold 14 feet nine inches. The turrets are 
21 feet in diameter. Their propellers are 11 fbet six inches in diame- 
U-t, and have a pitch of 21 fiict. Kach vessel has two screws, one un 
either side of the steru-post. Their draught of water, ihlly laden is 
12 feet. 

"These vessels have laid five days under a fire from Fort Fisher, 
ancliored less than KUO yards tilT, and, though fired at a ^rrenl 
deal, tiej- were ttJi/ozn hit, and received no injuty, fesci^ Vi VaaXa 
tjul liffM jo attc T about tho decks, wliicb vVitK. ^vilO^ '«<^ <iN^ ^A 
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pieces. Compared with the ironsides, their fire is very slow, and not 
at all calculated to silence heavy batteries, which require a rapid and 
continuous fire to drive the men from their guns ; but they are famous 
coadjutors in a fight, and put in the heavy blows which tell on the case- 
mates and bomb-proofs. The smaller class of monitors, as at present 
constructed, will always require the aid of a steamer to tow them and 
take care of them.'' 

Admiral Porter also says he has never yet seen a vessel which came 
np to his ideas of what is required for offensive operations so much as 
the New Ironsides, She combines very many good qualities, the 
most important being the comfort with which the people on boanl of 
her live, though she would be no match for the monctdnoek in a fight. 

The American frigate ^^ New Ironsides,'*'' — Durin^j the service of 
this vessel in 18G«^ she was struck by the shots of tlie enemy 241 
times ; 140 of which thundered agamst her in the short period 
of two days; but, notwithstanding, she has passed througn the 
terrible ordeal without having sustained any serious damage, and 
with the loss of only ouc man killed. This is a most satisfactory 
evidence of her great powers of endurance. During the same period 
she discharged 4,561 rounds against the enemy. 

The latest British Iron-clad. — ^Tlie London Times ^yes the following 
description of the most approved and most formidable of the iron-clad 
vessels designed and in the process of construction by the British Gov- 
ernment. The name of the vessel is the Bellerophon, and her builders 
are the well-known firm of Penn & Co. The TVttuw says : -^ 

'* This vessel is in point of strength intended to be a monster among 
these monsters ; to be, in fa(*t, as terrible an assailant to iron-i'lads as 
an iron-clad would be to wooden ships. The object with which this 
vessel is designed is, in case of another gn>at naval war, to avoid 
a repetition of tlie long dreary work of blockading an enemy's fleet by 
wearisome and dangerous cruising off the mouth of harbors. The Bel' 
lerophon is to be a vessel of such strength and speed and tremendous 
weight of guns as, in case of an enemy's iron fleet running into port, 
she can follow them with impunity, and at long range fight them at 
their moorings, till she either drives them ashore or forces them out 
to sea. Specially built for the discharge of such duties, it is almost 
needless to say how carefully every point in her equipment has been 
considered ; and as Mr. Penn undertakes that her speed shall equal 
her 8tn*ngth, there seems to be very little doubt but that, with her mi- 
penetrable 8ides,and her armament of ten 3<X)-pounders and two 600- 

})uunders, she will be the most formidable sea-going frigate the worid 
las yet 8(»en. The length of this vessel is to be 300 feet, and her 
bn^adth oO feet ; her tonnage will be 4,24G tons, her displacement 7,- 
05;^ tons ; and though carrying the heaviest armor and armament ever 
•ent afloat, hcT draught will be only 21 feet forward and 2ii feet afl,— 
less than the draught of ordinary t wo-dc/kers. The height of her low- 
est portsill from the water will be Oi IcK't, the distance bi»tween the 
guns 15 feet, and the height Ix'tween decks seven feet. Her midship 
section is smaller than that of the Warrior, and to that extent, there- 
fore, she will be easier to steam and sail. Slie is to have four masts,— 
only the first stjuan'-rigged, the tliree others carrying immense fore- 
JoJ-j/^ Mils, a ri^ from which iUu Vreud\\va,\^ ^oV. ^xia^dl ^^is^«^ 
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snlta with their iron frigates under canvass. The speed, irhich it is 
to be hoped will be attained in this vessel is an average of 15 knots, 
or nearly 18 miles per hour. 

" Tiie ribs and iramin^ of the Bdlerophon will be much the same 
as those of other iron fngates, with the exception that the stringer 

1>lates and diagonal bracings will all be of steel, — that is to sav, of 
ess than half the weight, and more than four times the strength, of 
the present system of wrought-iron fastenings. Wherever steel can 
be used with advantage, in point of strength and lightness, it will bo 
adopted in the frame of this new frigate, and ^Ir. Reed estimated that 
by this method, and while making the hull hifiniteiy stronger, he will 
save in weight two or three hundred tons, which can be infinitely 
blotter bestowed in increasing the thickness of the armor plating. 
The armor of the DelUrophon is to be no less than 16 inches 
thick, and this is to rest on 10 inches of solid teak beams. This outer 
protection is quite formidable enough, but what it protects is of its 
kind quite as strong in proportion. The inner skin consists of two 
plates, each of ]-inch thickness, with a stout layer of painted canvas 
between to deaden concussion. Outside the skin come angle-iron 
stringers of tlie tough steel. These angle-iron stringers in any metal 
would be of immense strength, and project from the inner skin 9j| 
inches and 10 inches alternately. Thus they fonn so many longitu- 
dinal shelves, of the depth mentioned, which nni from stem to stem 
of the ship, two under ea<^h row of plates, and in these the teak beams 
are laid, the longitudinal layers of the angle-iruns keeping the beams 
up to their work and preventing the lateral splintering, while they 
also support the plates with their edges and prevent their bending in 
unfairly on the teak. The Bdlerophon is not thus coated from end 
to end and over all with this tremendous armor. In the center and for 
90 fe<-t of her broatlside she is thus protected, from five feet below the 
water line to the level of the upper deck. In this space are her guns, 
five 300-poundcrs, with one 6()0-pounder at each side. For the rest 
of her length there is only a belt of this massive armor, which goes to 
the same depth beneath the sea to six feet above it, so that she cannot 
be hit in any part where the water could enter." 

Torptdo Warfare. — The earliest mention of torpedo warfare in 
this country is made in the publishe<l work of Kol>ert Fulton. In 
OctolKjr, 1805, in pn^sence of Admiral HoUowav, Sir Sidney Smith, 
and other British officers, near Waliner Castle, t^ulton blew up a bri^ 
of 200 tons burthen, by means of torpedoes. The vessel was anchored 
and the torpedoes were lloated under it ; the clockwork attached to 
them having been so arranged as to explode at a given time. In 
August, 1807, Fulton made similar experiments in New York harbor, 
autl blew up by torjMsdoes a vessel of aiK)ut the same size. In 1810 
he had an opportumty of explaining his system to Mr. Madison, Mr. 
Jefferson, and others, at the residence of his friend, Joel Barlow. 
During the same year Fulton published his small work entitled ** Tor- 
pedo War and Submarine Explosions, &c." This little work was 
illustrated, and represented the several modes of using this new and 
novel machine. One metliod was to anchor the torpedoes, which were 
to explode when struck l)y a passing vessel. Another was to sJtiaisK 
clockwork to them and to carry them in boalA Ti<e«ix \)k)i& -^^si^XaXia 
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torjM.'OD, wfiii'L burst at the moment of conUct. All of iIjcs« pi 
vrn.' in n mcneiirv practicable at tinwa, but thorv vias nut a suSri . 
dcstma of certainty iu their opcrntion to warrant the [laLnirutge' 
eitlipr Un>at Britain or tlic Unil«il States ; cousequBntly the eystviu 
ucitlter pi-rfected nor adopted. 

Tiie [nvsent nor, whiii'li has developed ho man; useful appliances of 
naval and nulitarj gdunce, has advauciiU the pratliu! of turp«-do wji^ 
liire to an extent whii-h does nut yi^t seem to have found its limit. 
The Croiifeduratt.'S have used tlie stationary' torpedo to a considiTohb 
extent, and liatc deKtro^'ud or mink some eight or ten naval ' 

iucliiilinc two iron-ctada. 

All of these casualties took place in slioal water, and most of 
ti>r|icd»es in qucHtion wtro 5njd by means o'' a g^vanic batt* 
iTurki^hy members of the "Confederate Torpedo Corps," locatal 
thp banks of tbu rivers. 

The Bebcls have made several attempts to deiitroy 



means of torpedo vessels, hut only one of these has ever thoroog 
areomnlisht-d her work, in the sinking of the aloup-nf-wor Hotaatoi 
off (Jiiarlustun. The vessel which performed tliat deed, hotrevcr. 



•r returned, hut sank with all on bnanl. Suuilar aCtompta bare 
been mEule upon tlie iron-elatl rrif;ato Neie Tromtides, and the wooden 
frigates (rubds/i antt Miiumsnla. — the fomuT at (Imrieston and the 
latter at Ilamptun Itoads. Oidy four known atti'mpts have been made 
with this kind of craA; but there u . < >' ■• . 



egipeiinicntB have been attempted, in which tlie Rebels were obli}^ lo 
abandon the plan as well as tlic nnsafo vetnels built for the purpose. 
Afltir the capture of tlic Ibrts in Mobile Hay, Admiral FarrB^t 



disctivored, high and dry upon the licach, one of the torpeilo v 
with which the Rebels designed to destroy the fleet blockading tliat 
port ; but, like most of her predecessors, au acciilent befell lier which 
rendDre<l her useless. Wliile on a trial trie one uf her boilers cxpliid- 
c(l, killing nearlv all of her crew, and tlie disaster threw a (tlaom 
oyer the corps which hod her in chai^, which fact, coupled wiUi the 
difficulty of proeuring another boiler, le<l them to abandon the project. 
Uutit within the post year but little has been done by^c United 
States to perfect toipedo warfare. Captain Ericsson's "devil," in- 
t«u<led to be attached to the prow of the monitors, wu a large and 
cosily rail, to which was lixed au immense torpedo ; but this inventioo 
was abandoned because its presence among a friendly fleet was oT la« 
dangerous b character to be permitted, and alter on espeMlitora dC'l 



uany thousands of dollars upon the system it was cast aside. J^H 

Witliiu the last year, however, a turpedo boat, detiigncd tad aiB^^M 

elled by Engineer Wood of tlie U. S. Navy, has been conatmcM^^ 

»aiul found to work bettur in prAclice tiian in theory. The hull is dT 
wood, 7^ feet in Icoglh, 30 feet beam, and seven feet deep, and cun- 
nructcd in the moat aubslontial manner, with heavy dcek beans 
nipportvd bv hanging knees securely boltiil and fastenci. Tlie dndt, 
two I'ect in thickness, ii crowned two feel fore and afl, and abonta 
taiirh athwartships, and is now rccei\ti\g ui imn Mvom of two M 
UiicktictB, to render it proof agwnW. s\itrt, an4 ^wJi. 
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This vessel, colled the SIronAoU, lies TCiy low in tbc water, and 
when in wrvioe aa a toqKKlo lioM, is fiirlLpr submerp;c(l by filling 
watcr-tigbl tanks, whici bring her down bo that scarcelv any part of 
her deck u above the Burface of the water. The only ot>jeets visible 
above the deck arc the pilotrhuusc, ys inchoa in height, the smoke-Btoek, 
wUieb is only a trifle higher, and a stnall ventilator wlueh can be removed 
if desired. With such a soiaU surface exposed, the risk of being met 
by the enemy is greatly reduced. 

The general appearance of this craft Is peculiar. Descending 
through a small hatchway, which is closed while the vessel is underway 
or in action, the visitor may see some curious appllanct^s. Abaft the 
utiiUhips is the engine, which has a cylinder 18 inches in diameter and 
18 inches stroke, — a compact yet powerful affair, working the screw at 
an average rote of TiO ruvolutians a minute, or about ten miles an hour. 
The boiler, situated forward, is built of extra strength, to carry a very 
high pressure of steam. The steering apparatus is directly under- 
neath the tiltle pilot-house, and so close to the commandini; officer 
that he can ^ve the helmsnuin liia orders without the uhc of a bell, 
wbii^b might attract the enemy's attention. In (he bow of tlio vcs»4 
is the torpedo machine, which, for obvious reasons, cannot now be 
fully described. Vet we are permitted to indicate the geaend plan 
"* "™'™''"" "n order to give an idea of the in-""'- — 



Tnc erpw of tbe vesscrconsists of three engineer officers, one pilot 
and nine firemen and coal-heavers, — a ihrcc abundantly able to do 
aJl tlie work required of them. When a vessel is to he destroyed the 
torpedo craft steams boldly out, and, as she approaches her victim, 
she t) BCttW io the wat«r so as to present tnit little surface to tbe 
shot which may be directed at her. Ncaring the doomed vessel, % 
toqiedo. charged with trom GO to 200 pounds of powder, is placed in 
a "torpedo bobkct," which is attached to a long arm running throngh 
a sUifBng-box- Tills basket is now inside of n waler-tigiit box, with 
a lid or cover, which Is opened when the torpedo is nlaccd in position. 
This having been done, the cover is screwed down, the gate at the bow 
of the 1-esBcl is opened and the ami is run out for a dititance of about 
30 feet. The vessel now r.tpidly approaches her intended victim, and 
passing close alongside, the torpedo i« detached from the bosket, the 
anu is withdrawn, and at the instant desired tlie charge cxijiodcs, 
causing tJte instant destruction of the vcsbcL The torpedo vessel 
receives none of the shock. 

The tuethod of constructing the torpedo is a sceret. It ia mfScicnt, 
bowerer, to know thai this is not one of the many experiments which 
liavti failed to prodoce valuable results. In no instance has this inven- 
tion been found deficient in power or quickness of execution. — Naa 
I'crk Enning Poat. 

It is understood tluit some dozenormoreof these vesselshavo been 
<«>nstructed for tbe U. S. Navy ; and their value has been practically 
tested in at least one instance ; via; the blowing op of the Confederate 
iron-clod ram AltrmtirU, by Lieut. Gushing ; toe ram being Kt tbe 
time moored to a wharf, at Plinioutb, N- C. 

Btpoii of ths Diireau iif' Naval Ordnanre. — From a recent B 
BH tlic U. S, Bureau of Naval Ordnance we deriva Aft V" 
■bnifniuls of intercsti For broadsldo | 
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nary 9, 10, and 11-inch guns and Parrott rifles, in pirot, are now 
used ; 15-inch guns for the turrets of the monitors, and bronze howit- 
zers and rifles for deck and boat service in shore. The annament 
of a first-rate ship-of-war in the American Navy is now 150-pounder 
rifle and one 11-iuch smooth bore, in pivot, witn 42 11-inch smooth, 
four 100-poimdcrs, rifled, and four howitzers in broadside. The 
annament of vessels for other rates is in proportion. A first-dass 
monitor carries four 15-inch guns in her turrets. The iron-plated 
boats on the Western rivers carry three 9-inch, four 8-incb, two 
lOO-pounders, one 50-pounder and one 30-pounder. 

The value of pivot guns over broadside, was illustrated bjr the 
fight between the Kearsarge and Alabama, where all the damage was 
done by the former arm. A mixed battery of both is however the 
most perfect. 

During tlie past year, experiments have been quietly and system- 
atically made with both shells and shot, from smooth bores and riiles, 
of all the heavier calibers. The power of the guns belonging to the 
navy, and in common use in the batteries of our ships, have been 
fairly tested against both solid and built-up plates, and the condo* 
sion reached is wholly in favor of the guns and their solid projectiles, 
— the spherical shot for smooth bores being, however, immeasorably 
superior to the elongated rifle shot in every form. No manner or 
thickness of iron or steel armor that could be carried on the hulls 
of sea-going ships will resist the impact of solid spherical shot fired 
from the heaviest calibers of the nav}', at close range, with appropri- 
ate charges of cannon powder. It was generally accepted as an 
established fact that it was impossible to cast a spherical shot of large 
diameter which would be solid throughout. It is now known, how- 
ever, that it is easy to cast a 15-inch or 20-inch shot which will be 
perfectly sound and solid from circumference to center of figure, and 
one of the former has resisted, without breaking, 222 continuous 
blows of an, 8-ton steam hammer. 

For small anns for the use of the Navy, breech-loaders are alone 
reconunendcd. The foUowing curious fact is stated in this connection, 
as illustrative of how much ammunition is wasted in battle, and 
how many muskets in the hands of incompetent or cowardly men 
are actually useless. On the field of Gettysburg there were 
27,574 guns picked up, and of these 24,000 were found to be 
loaded ; of these about <| C(^ntained two loads each, \ from three 
to tim loads each, and the balance one load each. In many of these 
guns from two to six balls have been found, with only one charge of 
powder. In some the balls have been found at the bottom of the bore 
with the charge of powder on top of the ball. In some, as many as 
six paper ri*gulatiou caliber 58 cartridges have been found, ^e car- 
tridges having l>een put in the guns witliout being torn or broken. 
23 loads were found in one Springfield rifle-musket, each load in 
regular order. "Zii balls and 02 buckshot, with a corresponding quan- 
tity of powder all mixed up together, were found in one percussion 
smooth-bore musket. In many of the smooth-bore guns, model of 
1842, of Rebel make, we have found a wad of Iocjsc paj)er between 
the powder and ball, and another wad of the same kintl on top of the 
ball, the ball having been put into tW «^xv wti^^Ol. ^A)K^>aL\.^4iyy^ ^ 
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the arms were found loaded with Johnson & Dow^s cartridp^es ; many 
of these cartridgea were about half way down in the barrels of the 
guns, and in many cases the ball end of the cartridge had been put 
into the ean first. These cartridges were found mostly in the Enfield 
ride-muskct. This statement constitutes one of the strongest of argu- 
ments in (avor of a change to breech-loading guns. With breech- 
loaders it would be impossible to get in more than one charge at a time, 
and a man could tell at a glance whether his piece was discharged or not. 

NEW GUN METAL. 

A writer in the London Times gives some interesting particulars of 
new gun metal lately invented in Austria by Baron von Kosthorn. 
Before giving any account of this new alloy, the writer states his 
opinion that the days of wrought iron are numbered, and that its 
place will be soon supplied by steel in some form or other. The new 
alloy, which has received the name of **8terrometal,^* from a Greek 
word signifying tou^h or firm, is composed of copper, spelter, iron, 
and tin, in proportions that may bo slightly varied without much 
afTecting the result. In color it resembles orass rather tlian gun metal ; 
it is very close in its grain and free from porosity. It is possciised of 
considerable hardness, and will take a very fine polish. Several emi- 
nent Vienna engineers have tried it for the cylinders of hydraulic 
presses with great success. Two specimens oi the alloy have been 
submitted to rigorous tests by the Polytechnic Institute of Vienna and 
the Imperial Arsenal. The proportions used in each case were the 
following : — 

PoIjTtochnle Inttltatlon. ImfMrlal AraenftL 

Copper 55'Oi 67*(n 

H|M.>lter 42*3A 40*22 

Irou 1*77 1*^ 

Tlu 0-8.3 0.15 

100000 99.80 

The specimen tested tH the Polytechnic Institute gave the following 
results per sectional inch (English) : A bar prepared by simple fusion 
bore a weight of 27 tons. Forged red-hot it oroke at 34 tons. Drawn 
cohl, at 38 tons : the figures in the case of the specimen tried at the 
Imperial Arsenal being 28, 32, and 37 tons respectively ; while the 
best English gun metal, containing ten per cent of tin and 90 pi:r cent 
of copper, broke at 18 tons under similar circumstances. The spe- 
cific gravity of the metal is about 8*37 when forged hot. 

These results, which are official, are truly astounding when we con- 
sider that the average breaking strain of wrought iron, as given by 
Mr. Anderson, of Woolwich Arsenal, is only 20 tuns. The elasticity 
of the sterrometal is also very great. It majr be stretched j^-^ of 
its length without undergoing permanent elongation ; gun metal giving 
only "nW* ^^^ wrought iron y^VV' ^^ surprise is, therefore, felt 
when we are told that a tube of sterrometal is capable of resisting 
a pressure of 703 atmospheres, a tube of wrought iron of similar size 
and form giving way under 267. 

New Principle in Oa/mcr^.— The following description of an 
alleged new principle in Gunnery, devised by Mr. James Madu^^ qC 
Livcj7>ooJ^ hf copiau fivm Ea^lish journals ; «- 
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The prindplc in all rifled cannon appears to hare been to allow m 
little windage as possible, and to make the shot fit the erooives of the 
piece, taking from them a rotation in its flight. Mr. Mackaj, oo tfas 
other hand, has conceived the plan of having the grooTcs so arranged 
that, while the shot fits closely to their outer edge, the grooves are 
Icfl open for windage. Bv this arrangement the gas has to tnvd 
some feet further than the shot, and in doing this imparts a rapid and 
perfect *'spin*^ to it. The shot are of cylindrical form, perfectly 
smooth, with conical heads, and cupped at the other end in propor- 
tion, so that each shot is perfectly balanced from the center or its 
length. Mr. JViackay in his patent also claims a peculiarity in the 
wadiling, which is of sawdust, by which at the movement of the first 
i^ition of the powder the elasticity of the wadding moves forward 
the shot slightly ; the effect is that the whole of the powder is burnt, 
and the shock on the breech of the ^n considerably lessened. Mr. 
Mackay has had a gun made upon this principle by the Mersey Sted 
and Iron Works Co. It is of wrought iron, weighs nine tons, has a 
bore of 8*12 inches, and in other resi>ects corresponds with the gen- 
eral features of the onlinary 6S-pounder. There are 12 grooves, and« 
as the shot do not cuter these grooves, it allows of a much sharper 
twist than in ordinary rifled guns. The velocity has been found to 
be 1,640 feet a second. 

The following trial has been made with this gun^ a^inst a section 
of a new iron-platcul vessel, the Agincourt, now building bv Liaird A 
Co. for the British Government. The tar^t consisted of an outer 
])Iate seven feet square and 5} inches thick, of rolled iron ; next 
came nine inches of teak, then an inner plate or skin | of an inch 
thick, then an;;le-iron and ribbing, and finally a backing up with 
timber balks and supports IS inches thick. The plates were 
stated on competent authority to be the best that can oe made of 
rolled iron. The gun was charged with 30 pounds of powder and a 
cast-steel shot, weighin;^ 1G7 pounds. Tiie ran'»e was 200 yards. 
The shot struck tliu target with a dull thud, a little below the bulPs 
eye on the right, and in the very strongiist part, where it was backed 
up bv the rib of the ship^s side, the angle-iron, and the timber balk. 
At the point of impact a perfectly cinmlar hole was cut. The shot 
then powdered the teak, passed through the inner skin and the angle- 
iron, shattered the timber balk into fragments, and was picked up di 
yards beyond the target, together with a cinMilar piece of the iron 
armor, about 80 pounds^ weight, it had carried with it through the 
back supports. The sand showed that it had spun to the last. About 
70 fragments of iron, bolts, and fra^^ments of the inner skin and an- 
gle-iron were picked up 100 yards from the target. The shot when 
found was reduced from 13 inches to 11 inches in length, and in- 
creased about 1^ inch in diameter at the end which struck the 
t:irg<it. Tlie other end was uninjured. The whole target was 
foFv'cd back about six inches, and so much deranged that moro shots 
wiTc not fired. 

The Percussion of Shot on Iron Targets. — The visitor at tho scene 
of tlic exporinicnts at Shocburyness, in noticing the effect of the 
shot on the tremendous targets representing sections of tho IFcir- 
n'or, tho Gioire, and other frigates, eauivoV. l^ \a ^i^stvsrv^ llbal tt 
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the lips of OTCiy jagged metal wound tbcre is a kind of red nicer, the 
osidizatioD produced by the instantaneous and awful flame of tJic im- 
pact ; while where the bolt or ball has torn its way through the tough 
iron, the sides of the cut are actually '* blued ^^ like gunsmith^s furni- 
ture, by the same momentary and fiery heat of percussion. 

Exptrim'ttUs on Targets of compressed Wool, — Some experiments 
hare been made in England during the past year on the resisting prop- 
erties of compressed wool to shot:. Mr. Nasmyth and other authori- 
ties entertainmg a confident opinion that a good thickness of wool, 
when pressed tight, would offer an amount of resistance to shot which, 
if not suffii^ient to keep it out altogether, was, at least, certain to be 
enough to justify the Government in making; experimontal inquiries on 
the subject. We do not know, says the Lonaon Times, even if the 
discovery had been successful, how it was proposed to utilize it, — ^how, 
for instance, to recoat our ironsides with 10 or 12 feet of pressed wool, 
or how to apply so bulky and cumbrous an appliance in any way. For- 
tunately there is no necessity for considering such embarrassing spec- 
nlatjons now, inasmuch as the experiment proved the wool rather 
more permeable to shot than almost any other novelty that has yet 
been nred at. A very few words is sufficient to tell the result. The 
target, if we may so call it, was a wrought-iron tube, like a boiler or 
iron funnel, open at both ends, 10 feet in diameter and about 11 feet 
long. Toe wool part of the target was constructed by tilting this on 
end and filling it with wool as tightly as men could trample it down 
tQl the cylinder was full. It was then laid on its side fronting the gun, 
so as to present the appearance of a lar^e white circular target or 
drum, 10 feet in diameter, and 11 feet thicK of solid wood. 

The first shot was fired from the Ar.n strong 100-po under, with a 
10-lb. charge, and this not only passed through the target from end 
to end, but buried itself in the earth behind. A second shot was fired 
from the 6d-pounder, with the usual service charge, and this also went 
through, burying itself in the bank, and as a means of resistance the 
target was such a palpable and utter failure that even Mr. Nasmyth was 
satisfied with these two shots, and concurred in the usolessuess of 
firing any more. 

Firing Cmnon under Water, — Some experimonts on the firing of 
cannon under water, recently made at Portsmouth, England, are thus 
described : — 

'* A stage was erected in the harbor within the tide mark; on this 
an Armstrong 110-pounder was mounted, loaded, and aimed, at low 
water, at a target placed also within the rise of the tide. When both 
gun and target were covered by the water to the depth of six feet the 
gun was fired by means of a tube. The targets were placed at from 
20 to 25 feet from the muzzle of the gun. One was composed 
of piles and oak planking of a thickness of 21 inches; another 
consisted of the huU of an old vessel, the Griper, laid on a mud- 
bank; a third was made up of three inches in tliickness of iron 
boiler-plates, bolted together and barked witli timber. On all these 
the effect of shot and shell from the submcrgi^d gun was very startling. 
The wooden target was pierced through and through, the iroa target 
was broken in pieces and driven into the batiking, t!ie 8i)Ud^\vrvt^^i»?i^sk 
right through uoth sidua oC the vessel, making 8i \ivv»ji \iviVi >iDSvi>a^ 
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which the water poured in torrents. A shell, with percussion fuse, 
burst in entering, opening up a chasm of five feet hy three in the 
planking, shattering the nbs and bursting up the deck beam^ above." 

New Mode of Rifling Guns. — ^No general principle of rifling guns 
seems to be recognized and practiced. 

Regular and increasing twists of various pitch are used hj rifle 
makers for guns of the same bore. Capt. T. A. Blakely, the inventor 
and constructor of the best ^ns of large caliber in Europe, has taken 
out a patent for the application of a new principle. It consists in rifl- 
ing ^uns and forming projectiles in such a manner that the same power 
shall always act uniformly. The patentee first decides at what distance 
from the center of the projectiles the turning force of the spiral shall 
act, and the smaller the bore the nearer the center it acts. He says: 
** Let a circle be now drawn, with a center in the axis of the barrel, 
the radius of which circle is this settled distance ; then form the ritling 
of such a shape that a line perpendicular to any point of its surilice 
shall also be a tangent to ttiis circle.^ The projectiles are formed to 
correspond and foUow the same mathematical niies with respect to 
the shape of their external suHaces. 

Gun-CoUon, — A committee of the French Academy, consisting of 
M. M. Pelouzo and Maurey, appointed to consider the applicability 
of gun-cotton to ordnance, do not by their report at all agree with the 
conclusions of the Austrian or Engbsh experimenters, (see Anntial of 
Sci. Dis, 1864) . Contrary to tlie assertions made by the Austrian Gen- 
eral Leuk, that his gun-cotton does not explode at a lower temperature 
tlian 136°, Ccnti^ade, they affirm that ail tlieir specimens exploded or 
were otherwise decomposed at a temperature of 100^ ; and that at a 
temperature as low as 55°, decomposition ensued with equal certain!}', 
but only in the course of a lew hours. In one case they even obtaine«i 
an explosion at 47°, which induces them to suspect that it may even be 
decomposed at the common temperature. Upon the whole, therefore, 
tliey do not recommend the substitution of gun-cotton for gunpowder 
in the French sennce. 

Wrought'lron Forts, — There has been recently constructed in Eng- 
hnd, for the liuKsian Government, a massive iron structure, which is 
intended to serve as a sort of shield, or outer protection to the fjoe of a 
fort or mmpart in the harbor of Cronstadt Its structure is as follows :— 

It is 43 feet six inches long by ten feet in hight, and is composed of 
u rough t-iron bars of a size hitherto unattempted in "grooved rolls," 12 
inches by 12 inches, rolled with a '* rebate," and corresuonding hoQfiws 
on the oppoHite side, strengthened by dovetailed ribs at their bjck, three 
inches in thickness, which are attached by kevs or wedges in doyetail« d 
holes to upright beams or girders, 14 inches by 14 inches, on each sude 
of the emoroMires and at the ends, and in two equal divisions of its 
length, to f mr fmmes or brackets like the letter A, with one veriical 
side. The foundation plate on which tlie whole structure stands is 43 
feet six inches long, two feet wide, and 3i inches thick, rolled in one 
length. The total weight of the shield is about 140 tons. Each em- 
brasure is four feet from the platform, and four feet high. In the throat 
it b two feet two inches in width, or, with the shelving of the cheeks, 
two feet ten inches. The military' adx-antages of f^uch an opentnff in an 
irtm parapet of 16 incheB thIcknoM \ist^t \)^e ^ta <»ai\» ^^iduSlw^ ^ 
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to lake a greater sweep of mn-fe thnn i" possible where ihe parapet is of 
maioiiry. In point of ntrenglh, an incii tliickne»i of iron is equal to oaa 
fo'.t lliickness of stonework, so that thu power of realitotice of the 
shielil in question is equivalent to that of n wail 15 feet thick. As a 
matter of experiment It i» to be put upon the parapet of one of the outer 
ports at Cmnntidt, but ihould it be found to aniwer expeclatloni, it will 
itatlf lake the place of the jnrapet, the whole meul platform being fiia- 
tened by cbmps and riveta into the gianite rimpnrt. 

The Loadun Enyiaeer thus describes the process of rolling the im- 
mense bars of which thin structure is com]»OHeu. Ii says: As tlie^ bira 
were an advance upon what bos been hitherto done, the result was looked 
forward to with some doubt, for each bar, when delivered, was to weigh 
aix ton>, to be 15 inchea squu^, to be tongued and groaved in the roll- 
ing, and to be perfect in its soundness tbrougtiout. The furnaces were 
opened at three o'clock, and the immense masi of metal was drawn forth 
on to on iron truck, heated to a brilliancy Ihat was almost blindin); in its 
intense whiteneu, and instintl] changing the temperature of the v.tH 
fictory to a scorching sulphuroua heat thni was inHupjtortable. Uirectly 
it wai out, workmen, shielding iheir laces as thev best could, swept the 
impurities from its aurGice with long bmoms noaked in water, bul which 
neverlhelcM lit like tow the instant they came in contact with the iron, 
nhi h was sparkling tike a gigantic firework. It wofi then let down the 
incline to where the tollers, turned by one of the largctt fly-wheels in 
the kingdom — more thun 100 tons weight and nearly 40 feet in diam- 
eter — was waiting to crush the nmss into its required form. This wne 
the criiicd moment; fur an instant or two the rollers Mled to grip it, 
but at last they ciught it, and the whole machinery moved slower, aa 
amid loud cheers from the workmen tbey began to wmd it in. As it was 
slowly cru^ihed through, the refuse melted iron was squirted out in all 
directions, and as the mass emerged From the rollers on the other side, it 
lit up everything with a bright lambent fl-ime, aaid to be caused by the 

Creniure to which the bar was subjected. This was only the flrsl roll, 
ut it hid to be passed through three times to reduce it to the proper 
thickness. It was not, however, as in the case of ordinary armor plates, 
a mere question of reduction, as these birs hive to he rolled, tongueil, 
and grooved to fit into each oiber. Thus in the rolling they have to 
overcome alt the peculiar difficulties of their construction almott in two 
ojierations, which must be done while the metal ii in a half melted stale, 
or the whole is s|iailt. The bars, as we have said, are 15 inches square, 
but each of these presents a most difficult section. In the first place, the 
1 iwer priit of the bar has a projecting rib, and in the upiier pnrt is a 
groove, corresponding in size with the rib on the lower hall; so ihnt the 
prnji-ction of one bar mny tit into the groove of the one beneath, thus 
nikkiiif; a solid dovetailed wull of iron. Beyond these, also, is a rib at the 
li ck of the bar, forniL^d to dovetail again into projecting masses of iron 
-hi tlie rear supports of the fort, and in the pmccsa of rolling nil these 
dcjturtures from a plane and smiioth surface have to bo formed, and to he 
fiirmcd with so much accurjcy that each part fits mio the other without 
the iieccaMty of any machine pbning of surfaces. To give to the moMi 
of metal the required section, ihe rollers of the mill are grooved where 
^(lu9 r.u:^ lurface it required, and sunk to produce the projectinj; riba 
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ENDURANCE OF HEAVY ORDNANCE. 

A recent report by Gen. Gilmore, *^ii the Engineer and MllUari/ 
Operations against the Defences of Charleston, in 186-t,'^ furnishes 
some interesting information respecting tiio endurance of the heavy 
rifled ordnance recently brought nito use. Acxwrding to this authority, 
we have no guns of largo caliber wliich will emlure "with certainty 
800, or even 600 rounds/' The siege of Cliarleston was not aban- 
doned until after 23 of the Parrott 1(X) and 200-nounder8 had burst. 
The famous ** Swamp Angel " battery, composed of one 8-inch rifle 
gun, exploded at the 36m fire, blowing out the entire breech at 
tlio rear of the vent, disheartening the men, and causing a suspen- 
sion of the fire on the city. For purposes of offensive war, then, we 
must have rificd ordnance of gre>ater power and endurance than any 
yet made ; and that nation wliich shall be the first to produce gims 
•* strong enough, " in the language of Gen. Gilmore, •* to sustain the 
repeated shock of at least 1.000 diarges of powder, in as lai^e quanti- 
ties as can be burned with usefid effet^t behind the projectile, and at 
any required elevation,^' must have a decided advantage over all 
others. 

** The average number of rounds," says Gen. Gilmore, *• sostained 
by Parrott^s 100 and 200-pounders, on Morris Island, excluding those 
in which the bursting could be traced to the premature explosion or 
breaking of a shell, was 310." The system of " reinforcing " or 
•* hooping" a gun with external hoops of steel or wrought iron, does 
not always answer the purpose of adding strength to the gun. On 
the contrary, it is oilen a source of weakness, '* because in cast guns 
(whether oif iron, brass, or other metal,)" as Captain Blakcly remarks, 
** the outside helps but very little in restraining the explosive force of 
the powder tending to burst the gun, the stram not being (always) 
communicated to it by the intervening metal. The consequence is, 
tliat, in large ^uns, the inside is split, while the outside is scarcely 
strained. This split rapidly increases, and the gun ultimately bursts." 

Gen. Gilmore says explicitly: '*It is not to a want of strength 
in the reinforce that the premature bursting of Parrott's guns is to 
be attributed, for the reason that that is not where the guns generally 
fail. The defect has been more prominently exhibited in the cast 
iron." In other words, it is the hard, granulous metal itself which is 
at fault, and not the workmanship, which is excellent, and the only 
remedy for our failures is to be found in the adoption of other metals 
and other processes of fabrication. 

In explanation of these failures, however, it is due to Mr. R. B. 
Parrott, tlie inventor and manufacturer of the guns, to state that in a 
letter in the Appendix, he urges that the explosions are not owing to 
any defect in the material or style of the gims, but to inexperience in 
the handling of them, and to causes of a peculiar and accidental 
character. He avers that, taldn^ the extensive and repeated test-s to 
which they have been exposed, they are an unquestionaolo success in 
even' way. 

Since the siege of Sebastopol the government of Great Britain has 

ex])ended over $12,000,000 in experiments with wrought iron and 

^lacJ, at the lioyal ^Irscaal at \YooVw\eh, oa^i 'E.Xb^yv^-^ wAqK *^^^Ri^ 
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Armstrong; gims ptoduced, not one, according to the testimony of Sir 
William JjiMlrong, has yet burst explosively. Whitworlh daa also 
had somp success in the production ol forged iron guns, although his 
UK-tboil is defective ; and Blokely in Eaghmd and Krupp iu Uetgiuin 
are now miuiuracturiiig Rupcrior ordnance from Bteel. The advantagna 
of wrought iron over east iron eonaist in its greater tenacity, eloatic- 
ity, and dactility, which it preserves under heavy presnure. All gun ~ 
metals are said to possess a certain degree of elasticity ; hut the 
"elastic limit," in rapid firing, is always liable to bo eseeedeii, and 
when this happens, oast iron, ^om its want of Uexibility, easily crack* 
and crumbles. In other words. al\er the limit of its elasticity is over- 
pome, any violent shocic or sudden strain causes the gun to give way 
at once, and explode without warning ; while a gun properly made of 
wrooghl iron, under airoiUr circunisiancea, would only widen a little, 
and still be Ihrther from the point of bursting than it was bcfore- 
The tensile strength of wrought iron is over lHi,000 pounds to the 
iu<'h, while that of the best cast iron is only about 30.000 pounds per 

Artillery Experimatit made under the Direetlon of the U. S. Ord- 
nanft Drpaiimeal. — The SeieiUi/lc American furnishes the following 
r^mm^ ol experiments which have been recently made with euns and 
targets, imdcr the direction ot the Urdnance Uepartment of Uie U, S, 
Govcruinent. The experiments in question were all made with the 
11-inch gun, of Uohtgren, with an average cliarge of SO |Miunds of 
powder, au average weight of spherical east-irou projectile equal 
tu 1G6 pounds, and an average range of 80 feet. 

Under the above-named conditions, an ex]M>rimeut was made upon 
a composite target of iron and India-rubber, backed with timlier. 
Tbe uron was outermost, and was two inches thick ; the rubber came 
ne;(t, and was 11 thick; the timlier was 19 inches thicb, in all 22} 
inches. The target was indined at an angle of lo"; and at tlie 
lint fire the shot tore thrangh the mass and penetrated the bank be- 
hiud (a solid clay) 17 feet, being but Hiigntly damaged in its pas- 

Another experiment was tried with a 44-incli solid scrap-iron plate, 
biieked with 20 indies uf solid oak, and the iron J'iKed with rubber, 
four inches thick, the whole placed against a bank of Bolid clay ; this 
residteil in the destruction of the target at the first lire, the chaise lie- 
in^ :<0 pounds, tbe projectile, inbericS east iron, weighing 16!) pounds, 
and the range H7 feet. The shot did not go entirely through the tar- 
gt^t, hut TKiietnted the plate and i-ubber, and lodged in the second 
course of^timt>er behind. The rubber was entirely forced olf, by the 
1-iolence of the conclusion, and Tell 15 fut't forwanl of the target. 

Still another target was innilo, of four l-ineh wrougbl-iron plates, 
backed by rubber four inches thick in single sheets of one inch each ; 
the whole backed by 20 inches of solid oak. I'bu first four inchen 
iicxl the timber were comi>osoii of alternate rubber and iron, two 
inches of each ; the wrought iron was on tlio outer surface of the tar- 
get when fired at. The whole was placed against a bank of sulid 
clay. Ttie charge was 30 pounds, the sliot 16!> poumls in weight, and 
the' range 8i fw-t; at this distance, and un<ier these conditions, the 
target liid two dcjui, Iwndwmc holes bored l\>rOTij\\"A, — (K«iiA'«\ii^ 
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was but 8li<^htly larger than the shot itself, showins it experienced but 
little resistance in its passa;]:e. A repetition of tm) experiment, witk 
the tars^et inclined at an angle of 46^, produced the same result; the 
tarrret oeing penetrated, and much more injured, than when verticaL 
It should have been stated, previously, that the tai]get was 96 inches 
lung, by 42 inches wide. In a comparative experiment, to test the 
valiic of India-rubber as a resisting agent, a target was nuide with four 
single iron plates, each one inch thick; the results, as observed br 
comi>ctent witnesses, did not vary materially from those obtained with 
rubber, and little value is attached to it as a disperser of the force of 
shot. 

Trial of the largest British Ordnance hitherto cofw/rticfed.— The 
following account of the most powerful gun which has as yet been 
constructed in Great Britain, is token from the London Times, The 
gun is of wrought iron, with a caliber of 13^ inches, just about the 
same as that of Ericsson's wrouglit-iron guns, which are to be used in 
arming the Dictator and Puritan : — 

** Tlic trial,'' says the Times, •• was to test the powers of the greatest 
gun yet forged by 8ir William Annstrong, — a COO-poundcr termini 
the * llig Will,' against one of the thickest and most periect plates which 
^Icssrs. Brown ^ Co. have as yet produced for actual armor-plating. 
The plate in question was no less than 11 inches in thickness, — a 
sample of one of many of the same enormous strength made by Messrs. 
Brown <& Co. for the Russian Government, to jpTate tlic sea faces of 
8ouH> of the most important and exi>osed of the Cronstadt forts. Ac- 
cording to the theory of the iron plate committee, that the stn*ngth of 
an iron plate increases as the s(piare of its thickness, this 11-inch mass 
was e([ual in stixingth to no less than six plates of the famous Warrior 
target; yet belure the experiment commenced, not tho sligliti.'St 
doubt was entertained that the G(M)-pounder would utterly smash it, 
if iired with a OOO-pound shot. The real interest of the experiment 
eon.sisteil in ascertaining, — ^lirst, whether the same destructive result 
would be gained by using the gun as a smooth-bore with a steel shot 
of half tlu^ weight ; secondly, how the gun would stand the tremendoui 
charge of DO pounds of powder ; and tliinlly, whether the fracture of the 
plate would show that even Messrs. Brown could not manufacture one 
of 1 1 inches in thi<'kness perfect throughout. These were the three 
{H)ints n^ally at issue, and the solution of these was looked forward 
to with kt^eii inten^st by all the oflicers on the ground. Tho first and 
only shot, we are happy to sav, settled them all in the most satisfac- 
tory manner, and proved the enonuous advantage of steel shot, the 
strength of the giui, and the excellent manufacture of the pKite. The 
plate or slab of iron was four feet long by 8^ feet wide, and was iin* 
iinnaired in its strength by a single lK)lt-hole or f:uitening. It was 
held up vertically against two 12-inch beams of solid oak, to which it 
w:uf fastened by railway iron. [»assing up its (ace on either side. lie- 
hind it, and in support of tlic oak lieanis, was the Fairbaim target of 
f>-inch plates ainl a 1-inch inner skin, with the usual massive frame- 
work of irun rib beams. This target, however, did not support tlic 
plate to be fired at, but only the bcauis of oak which held it in posi- 
tion. There was an interval of 12 inches between the pLitc and tlw 
Fajrbairu target, i\hkh visa IcH ^mr\K)tsc\^' Uv^xt vWi IV^nu^ mi<v|ht do its 
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nm woik, if it could, unaided. The proceedings were commenced by 
iring two cast-iron round shot of 300 pounds' weight, levelled at 200 
rards range, against a ** dummy ^* target placed close alongside the 11- 
inch plate for the purpose of determining the exact de^ec of elevation 
x> be given to the gun. Both these were fired wim the enormous 
charges of 90 pounds of powder. Such charges even with 600-pounder8, 
irould not be used in actual warfare, and for experimental purposes 
irere objectionable, as it seemed to make it almost as much an effort 
to destroy the gun as the target. The precise range having been as- 
certained, 'Big Will' was again stuffed with a sackful of powder, 
but, instead of a cast-iron projectile, was loaded with a steel round 
shot of 344 pounds' weight, and levelled against the target. This shot 
struck the very center of the plate with a terrific crash, at a velocity 
of 1,560 feet, and at one blow closed the experiments for the day. 
Nothing further remained to be accomplished, for the target was gone. 
Never, probably, has a more tremendous blow been struck by human 
agency. The mass of steel driven by the tremendous charge of pow- 
der must have struck the target with a power almost inconceivable, 
for everything went down before it. The solid oak beams behind the 
i^te were crushed into splinters, and the plate itself hurled bodily 
Wk against the Fairbaim target and split into two pieces, — one huge 
piece being fiung away to the right and the other to the lefl, and all 
this before the shot had time to penetrate to a greater depth than 4^ 
inches. The 11-inch plate, in fact, had not sufficient stability to re- 
ceive the blow aimed at it ; it was torn apart by the tremendous force 
with which it was jammed against the Fairbairn target behind, and an 
examination of the fracture showed that its manufacture was admirable. 
Fourteen feet in front of the target lay the steel shot, much flattened, 
and trrackcd, but evidently as good metiil of its kind as Mr. Brown's 
plate itself. A close examination of the gun was next made by the 
Inspector of Artillery, and it was found to be wholly uninjured. Not- 
withstanding the use of steel round shot in a riilcd gun, the grooves 
of the riiling remained as sharj) and fine as ever, and only one feeling 
seemed to be entertained on the ground as to the strength of the gun 
and the excellence of the plate." 

Construction and Trial of a new Monster Oun, — During the past 
year a cannon of 20-inch caliber, the largest piece of ordnance ever 
constructed and mounted, has been successfully cast according to the 
plan devised by Capt. Rodman, at the Fort Pitt foundry, Pittsburg, 
Pa. The amount of metal used in the casting was 160,000 pounds, 
and the time of cooling was upwards of two weeks. Another gun 
of a similar caliber, but weighing some eight tons less, was also suc- 
cessfully cast subsequently. 

The first-named gun, which is 20 feet 3i inches in len^h, and 
weighs 63 tons, is mounted at Fort Hamilton, New York Ilarbor. 
The carriage on which it rests is constructed wholly of iron, has 
an extreme length of 22 feet a hight of eight feet and eight 
inches, and weighs 36,000 pounds, or 18 tons. The trunnions of 
the gun are 18 inches in diameter. The shot intended for this 
enormous piece of ordnance wei-jh 1,030 pounds each, and are 
handled by machiner/. The location of the gun \a noX. \vi\!wi^Q^> 
or very near to it. but amongst a tier of 15-mc\i ^vx»a 'v>Q^05k ^x- 
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tends along the embankment on the bluff-front of the fort for nearly i 
quarter of a mile below it. Its position is such as to coounand the 
lower bay; but it may also be pointed in the direction of the city; 
and the {^arrows arc just below its mouth. 

The trial of this gun, after it was mounted at Fort Hamilton, is thus 
described : — 

It was decided, afler the vent of the cannon was cleaned, to fire a 
charge of 50 pounds of powder. A box containing a 50 pound 
cbar^ was then brought up. When lifted into the mouth of the gun, 
it did not occupy more than a quarter of the space. The gunners did 
not understand how so small a pile of powder, vrrappcd in cotton 
cloth, was to be ignited ; and so this charge — which is the regular ser- 
vice charge of the 15-inch guns — was ta&en away, and a lOO-poond 
bag of powder substituted. 

Two men standing on the embankment or parapet in front of the 
gun, raised the charge to the mouth ; a ramrod was brought forward 
by four men, and the charge driven home ; the ramrod being used by 
the men as thou;^h it were a battering ram. A fuse was then insfrted 
in the vent of the cannon, and the word was given for the crowd to 
retire. The report of the discharge was loud and deep, but not sharp; 
it was a heavy boom, not very unpleasant to the ear, but' yet in its 
oiTcct stunning. Volumes of smoke, resembling dark and dense 
clouds, rolled more than ten rods from the cannon. The recoil was 
wry slight. 

At the second discharge the gun was shotted, and a smaller charge of 
powder — 50 pounds — was used. The bore having been carefully swab- 
oed out with a wet sponge, and the charge careKiUy sent ** home," the 
hoisting apparatus was next employed to raise the balL Three men did 
tliis work; and after five minutes pullins at the chain, the shot was 
brought into position before the mouth of the cannon. The shot was 
held ill a clump with two arms inserted in holes in the ball, and a bar 
wan also inserted in the shot, to aid in its management Nearly half 
the shot entered the muzzle and the other part was outside. This was 
the point of difficulty. The question was how to release thebalL It had 
to be supported by main strength of the men who managed the ma- 
chinery. 

At this juncture Captain Rodman, who superintended the firing, di- 
rected two of the men to get under the shot and brace their shotiiden 
against it They at once assumed the perilous position, fiv dexterous 
mifhagement tlie Major took the teeth of the clamp from the Imll and 
withdrew the bar, at the same moment starting the ball on its course in 
the gun. 

The cannon was aimed at a spar buoy in the direction of the lower 
hay ; there was no inclination ; and at a quarter past three o'clock the 
signal was given for the spectators to retire. The discharge was eflected 
by means of a friction fuse. The report was not louder than the first, 
owing to the lighter charge. The huge baU could be seen from the mo- 
ment when it left the smoke of the powder. It struck the water at a 
distance of about a thousand yards from the shore. It threw up a dotid 
of spray, and richochcting, flew along the surface of the water for the 
distance of about three miles and then sank. Another shot was next 
£red, with a larger charge of po^idei. and fi\\}^ \^ ^^ ^wwdwably 
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devsli^ The ronije attoiaed to in thia instance was between four and 

.'/le Ames WrougM-Iron Rifled Oun. — In ihe United Slates, aa in 
Engluid and nther nationg or Euro|ie, Irom time to time, a new t\ pe c^ 
cxnnoD ii introduced, for the purj>ose of more completely fulHlling tho 
TcquiremenLa of thia arm of natioail irirfiire. From the hiHiory of the 
~ ' and the fltperienre of the pre«enl century, these requirements have 
thus deBned ; The greatat potaible aeeuraey of fire, rangt, and 
ttrengtk in a ^ten weight, mtk tlu leant tmtount of riKoil, 

To obtnin these resulu. England hiia hod the Lancaster, Whitwnrth, 

Blikely, Somerset, and Andeinon guns, with otheis of leas preti'nliuua 

ciUber. The United Slates huve had the Stockton, Uahlgrcn, Parrott, 

Smryer, Wiard, and Bodmijn guns, with others of less nolorietv, ucme of 

1ii<A have filled the mennurc nf requirementa of ran^e and ot strength 

their fibtication, being, with few exi^t'ptinn^, made of cast Irun. Timie 
of wrought iron, with one or two excepliona, were of the tulie and coil 

nilructinn, which, from not being welded solid throughout, have fjiled 

meet these condilioni. 

DuHng the post year, however, a new dewription of gun, made of 
wrought iron, has been minuEietured for the U. S. Oovenimenl, by 
Horaiio Ames, Ewj., of Falls Village, Conn., which promises to be an 
improvement over any description of lar^e ordnance hitherto constructed. 
Mr. A., ibout the commencement of the Relwliioii, received im onler frum 
Oovnnment fur a battery of fiu-uounders, of wrought iron, and there- 
upon devoted an extensire eatablinhment to the excluHive buHinesi of 
miiiuGicturing ordnance. He conceived the idea of forging hia guns solid, 
leaving but a small hole at the center for removing the scale or impuri' 
Un worked out of the melal under the hammer. EKjierimental Investi- 
gation he very soon saw, although an expeoslve school to learn in was the 
only one which could be relied on to remove all doubts of success io 
furnishing the essential lequireraents in lorgin^ a superior gun, which 
could not be burel by the usual methods of firing excessive cliarges uf 
gunpowder, even though the windige was closed by rilling the gun, 

Ihe fiO-pounder battery was duly completed, and, althou^ coniddered 
perfectly successful, the kuqs were too small to take the place of I'arrott 
gunptbelbre Sumter .ind Charleston. Another contract wlu therefore given 
111 180J bribe War Dejiartmenl, fora battery of 13 guns of not less ihjn 
1 00 jiounders, capable of sustaining a charge of 2i pounds of powder. 

With the latitude thus afforded, Mr. Aaies at once proceeded to adu])t 
tuK forges, fumjces, and machinery for guns of T-inch caliber and 130 
pound projectiles. 

With a ripe experience in making and forging iron, added to the prne- 
ticKl lesson* secured in forging the flO-pounder ^Itery, he cut looRe from 
the trammels of jirecedenls, and developed his own resource", which tmve 
• "- s.iffici. - - ■ " .. . . ^ .■ . 



proved ipiitB 
fecily solid in 



_ ._. . o produce H pun from the best Sjlishury ir , ^ 

cilysoUdin every inch of its length nnd circumference, 14 feet long and 
28 inches in diameter, weighing 20,000 pounds. 

One of the distinctive feulures of this gun coniista in its being molded 
kolid throughout The great difficulty hitherto, h» been to obtain nolidi- 
ly arounil the bore of wrought-iron guns. 1'he ordinary process of weld- 
ing up the gun in ring sections from the breech Vol\\C TTWix\e,v[vA' 
the outer giir&ce Smt, leariDg the forger in doubl u lo >iv« ■^wt'KSim 
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the inner welds, which no 8uhflec|[uent heating and hammering can peiftet 
By the process Mr. Ames has introduced, the section around the bore is 
molded first, and by each subsequent heat the molds are extended out- 
ward. The process in detail is as follows : A bar of round ircm 18 feet 
long, ten inches diameter at one end and 14 at the other, is made to serve 
as the hindle of the gun. Upon the lai^r end of this are welded one 
by one large barn of iron of about two feet m length, until a round mass has 
been formed of 30 inches in diameter, perfectly solid. This is to serve aa 
the br.^ech of the gun, and the end is upset by a horizontal steam hammer 
uniii it is perfectly even and true. After this the gun is built up of sectioDS 
of the full size (circumference) of the gun, of about five inches m length, — 
the entire gun (14 feet long when completed) being composed of 30 tnint- 
verse sections. These sections are made up as follows : A cj'Undricd 
block of the best refined iron is turned out seven inches long, tec inches 
in diameter, and with a 4-inch hole tlirough its length. This is fitted 
closely into an iron bund or hoop made from bars of iron six by seven 
inches ; and this is again fitted into another bind of three inches in thick- 
ness. The.Hc Ixtnds are closely welded, and as solid as the best mechanism 
can make them. When thus put together it will be seen that the whole 
forms a cylindiical section (or wncel) of 30 inches in diameter : the greater 
length being near the center. The hoh at the center permits the impurities 
of the metal to be worked out from the inner rings, while being heated and 
hammered, while the scales which may accumulite on the outer rings, are 
permitted to fall outward as the weld extends towards the circumference. 

The trials m ide with guns thus constructed, have, it is reported, been 
most successful With 20 pounds of powder and 150 pounds of shell, 
with an elevation of 15°, a range of about four miles is attained; and 
with an elevation of 23^°, a range of nciirly seven miles. 

Guns vs. Armor, — Mr. Fairbaim, the celebrated engineer, stated to 
the British Association at its last meeting th>it the conclusion he had 
arrived at from all the experiments made in England in relation to guns 
and armor, was ** that no ship can be made to carry plates sufiicieut to 
withstand our gunfi, and it would probably be better to have no plating 
at all. We should thus have ships more lively in the water and better 
adapted for manccuvring and at far less cost." 

English Views of Gun-Cotion. — As has been stated in a previous 
article in this volume, the re])ort of the French chemists and military 
men, in rcfurcncu to the use uf gun-cotton as a substitute for gunpow- 
der, has not been favorable ; but from a Committee report, presented 
at the British iVssociation, September, 18C4, by^ Mr. bcott 'Kussell.it 
appears that opposite conclusions liave been arrived at by the £nj;ILsh 
expcTimenters. Mr. Russell stated tliat General Ilay, of the Ilythe 
Scuool of Musketry, had constructed a new form of cartridge suited 
for the AVliitwortli ride ; that he had found that the use of gun-cotton 
was cleanly, and liad not the disadvantage of fouling the gun ; that it 
had much less recoil, although the effect was the same ; that one-third 
of the weight of charge was the equivalent proportion, and that it did 
not heat the gun. The General had fired at a target with gun-cotton 
at 500 yards. Twelve successive shots were all placed in a space one 
foot wide by two. feet high, and the value of the practice was meas- 
ured by the fact that the mean radius of deviation from the center wis 
between mne and ten inches. Thus, Uiv^Tv^tot^^ Xibi ma^ q€ (giin-oottoA 
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in nnisketry bad been proved by En<;llsb made gun-cotton in English 
rifles by an English general, to perform all that had been reported 
oonoeming the Aostrian gun-cotton. 

The next application of gun-cotton made during the past year was 
to the driving of tunnels, shafls, and drifls in connection with engi- 
neering work. It had been stated by the Committee that ^ of the 
weight of charge of cotton was equal in blasting eifect to gunpowder, 
and this had been proved in practice in a number of instances. At 
Wingerworth colliery, in driving a shafl through sofl but solid rock, 
^ of the weight of gun-cotton as compared to gunpowder, and 
m the slate quarries at Llamberis, at Allan Heads, \ were re- 
qoired. At Allan Heads, in some lead mines, a tunnel was be- 
ing driven seven miles long. The drifl was seven feet by five in 
the hardest limestone. Both ends were worked with gun-cotton fired 
by an electric battery. The great advantage experienced was that the 
air was not contaminated by smoke, and that the work could be carried 
on more rapidly. The next application of it had been to tlic detach- 
ing of large masses of rock. This had been tried in several places, 
and it was found that one pound of gun-cotton was able to detach from 
SO to 60 tons of rock. 

Mr. F. A. Abel added some remarks on the chemical condition and 
manufacture of gun-cotton. He stated that the manufacture of it was 
much safer and more uniform than that of gunpowder, and when made 
its stability is permanent and could be relied on. He believed the 
Beport of the French chemists against its permanency was founded on 
experiments made with imperfectly manufactured material. Working 
with large quantities during the last twelve months, he was satisfied it 
did possess permanence, though he stated that under certain conditions 
of packinv and exposure to too high a temperature a slight change 
did take place ; this he believed arose from some foreign ingredients 
iu the cotton. 
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THE UNIVESSAL METAMORPHOSIS. 

If a wafer be laid on a surface of polished metal, whidi b then 
breathed upon, and if, when the moisture of the breath has evapo- 
rated, the wafer be shaken off, we shall find that the whole polisoed 
surface is not as it was before, althouj^h our senses can detect no differ- 
enoe ; for if we breathe again upon it the surface will be moist every- 
where except on the spot previously sheltered by the wafer, which will 
now appear as a spectral image on the surface. Again and again we 
breathe, and the moisture evaporates, but* still the spectral wafer re- 
appcard. This experiment succeeds after a lapse of many months, if 
the metal be carefully put aside where its surface cannot be disturbed. 
If a sheet of paper on which a key has been laid be exposed for some 
minutes to the sunshine, and then instantaneously viewed in the dark, 
the key being removed, a fading spectre of the key will be vbible, 
Let this paper be put aside for many months where nothing can dis- 
turb it, and then in darkness be laid on a plate of hot metal, — the spei> 
tre of the key will again appear. In the case of Iwdies more highlr 
phosphorescent than paper, the spectres of many different objects whici 
may have been laid on it in succession will, on warming, emcr;^ in 
their proper onler. This is equally true of our bodies and our mindj. 
We are involved in the universal metamorphosis. Nothing leaves ui 
wholly as it fi)und us. Every man we meet, every book we read, 
every picture or landscape we see, every word or tone we hear, min- 
ples with oiir being and modifies it. There are cases on record of 
i<jn()rant women, in states of insanity, uttering Greek and Hebrew 
plirascs, which in past years they have heard their masters utter, with- 
out, of coiirse, comprehending them. These tones had long been for- 
gotten ; the traces were so faint tliat, under ordinary conditions, they 
were invisible ; but these traces were there, and in the intense light of 
cerebral excitement they started into prominence, just as the spectre 
image of the key started into sight on the application of heat. It is 
thus with all the influences to which we are subjected. — CornhiU Mag' 
azine. 

CONSTITUTION OF MATTER. 

Some speculative ideas by M. Graham, the master of the mint, ap- 
pear in a tate number of the Philosophical Magazine, He says : '* In 
the condition of gas, matter is deprived of numerous and varying prop- 
erties with which it appears invested when in tlie form of a liQUid or 
solid. The gas exhibits only a few grand and simple features. Tliese, 
again, may also be dependent upon atomic or molecular mobility. 
Let us imagine one kiti'l of substan^'e only to exist, — ponderable mot- 
ier; and, farther, that matter is dwWiVAv^ \w\a \x\x.\xTv\1a ^t^'ju^ unilonii 
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in size an I weight. We shall have one substance and one common 
atom. ^Ith the atom at rest, the uniformitj of matter would be per- 
fect ; but the atom always possesses more or less motion due, it must 
be assumed, to a primordial impulse. This motion gives rise to vol- 
ume. The more rapid this movement, the greater the space occupied 
by the atom, somewnat as the orbit of a planet widens with the degree 
of projectile velocity. Matter is thus made to differ only in being 
lighter or denser matter. The specific motion of an atom being in- 
alienable, light matter is no longer convertible into heavy matter. 
In short, matter of difiEerent density forms different substances, differ- 
ent incontrovertible elements, as they have been considered." ** This 
is not meant to be applied to the gaseous volumes which we have oc- 
casion to measure and deal with practically, but to a lower order of 
molecules or atoms. The gaseous molecule must itself be viewed as 
composed of a group or system of the above-mentioned inferior 
atoms, following as a unit, but similar to those which regulate its 
constituent atom." We must refer our readers for details and for 
the results of M. Graham's interesting speculations, merely adding 
another expression of his hypothesis : ** Ajs in the theory of light we 
have the alternative hypothesis of emission and undulation, so m mo- 
lecular mobility the motion may be assumed to reside either in sep- 
arate atoms and molecules or in a fluid medium caused to undulate. 
A special rate of vibration, or pulsation, originally imparted to a por- 
tion of the fluid medium enlivens that portion of matter with an indi- 
yidual existence and constitutes it a distinct substance or element. 

THE TRANSITIONS OF MATTER. 

From a discourse recently delivered before the New York Academy 
of Medicine, by that eminent scientist Dr. John W. Draper, we make 
the following interesting and suggestive extract : — 

No one can devote himself to the study of physical science and 
especially of Chemistry without experiencing at once what might seem 
to be contradictory sentiments, — ^pride and self-humiliation. Pride, 
that he has been permitted to see so far as he does into the great 
scheme of the universe ; humiliation, in recognizing how frail and insig- 
nificant he is. 

What, then, are some of the latest truths that these physical senses 
teach ? They show us how transitory, how dependent we are. There 
is a constant wear and tear of the human system. Particles that served 
the purpose of forming it accomplish their office and die, and are 
replaced in due succession by others. In this respect life is the result 
of an aggregate of deaths. The atmospheric air into which all this 
dismissed material eventually finds its way, is thus the cemetery of 
animal substance, of things that have once been organized, but that 
have lost their force, and lapsed into an inorganic, a lifeless state. 
From this inorganic, this lifeless state, such substances are destined 
to be recalled; for, under the influence of the rays of the sun, car- 
bonic acid and water and ammonia are decomposed, and takin.ir the 
prod lets that arise from that operation, plants group them into organ- 
izei portions again, and use them in the construction of their various 
parts, leaver, Bowers, sterns^ fruits. Plants t\\U3C0Tvs\\U\\,<iV\vft W\»:\- 
t/re agents of the world of /ifo. Animals are t\ie CniaUo\\iT^. HCN^Rrj 

10* ^ 
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organize, wc consume ; and thus it is that the same material osciUatef 
back and forth, now a part of a plant, now a part of an animal, now 
in the air, and now in a plant as am. It runs through cycle after cycle, 
ever returning to the point whence it set out, and ever setting oitt 
again. 

We are not, then, the special or exclusive proprietors of the sub- 
stance of which we are composed. Equally may the plant, and equal- 
ly any animal, no matter how humble in the scale of hfo it may be, lay 
claim to it. We are bound to them and they to us by an indiasoluble 
tie. 

If that is the lesson we derive from our best knowledge of the 
mutations that happen to the plastic material which the hand of nature 
fashions into so many beautiful fonns, we are brought to the same 
conclusion by a consideration of the physical forces with which she 
invigorates it, — ^the heat possessed by the different animal tribes, cold- 
blooded or hot, in their special degree, the chemical affinities and the 
electrical powers that preside over all the thousand combinations and 
decompositions perpctuallv occurring in the inmost recesses of the 
economy. **In a waterfall which maintains its place and appearance 
unchanged for many years, the constituent portions that uiave bceo 
precipitated headlong glide finally and forever away. For the transi- 
tory matter to exhibit a permanent form it is necessary that there 
should be a perpetual supplv and also a perpetual removal. So long 
as the jutting ledge over wnich the waters rush and the broken gulf 
below that receives them remain unchanged, the cataract presents 
the same appearance. But variations in tliem mold it into a new 
shape. Its color changes with a clear or cloudy sky. The rainbow 
seen in its spray disappears when the beams of the sun are withdrawn. 
So in that coUection of substance which constitutes an animal, what- 
ever may be its position high or low in the realm of life, there is a 
perpetual introduction of new material and a perpetual departure of 
the old. It is a form rather than an individual that we sec. Its 
permanence depends altogether on the permanence of the external 
conditions. If they change it also changes, and a new form is the 
result." 

An animal is, therefore, a form, through which nmterial substance 
is visibly passing, and suffering transmutation into new products. In 
that aot ol transmutation, force is disengaged. That which we call 
its life is the display of the manner in which the force thus disengaged 
is expended. 

A scientific examination of animal life must include two primary 
facts. It must consider whence and in what manner the stream of ma- 
terial substance has been derived, in what manner and whither it 
passes away, and since force cannot be created from nothing, and is 
in its very nature indestructible, it must determine from what Eourre 
that which is displayed by animals has been obtained, in what manner 
it is employed, and what disposal is made of it eventually. The force 
thiLs expended is originally derived from the sun. Plants are the 
intermeuium for its Conveyance. For the sake of obtaining it, we use 
them as food. And here again remarks apply similar to those we have 
made respecting material substance. The correlation and consem^ 
iion of force holds good. The assertioiv oC Vk<& ^;c«aX.^^v^«kMohaiii> 
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confirmcil by all modem Bcicni^p, thit the sum 
total of force in tlie world is over the same. thoii;jli ic isparti;il vaaag 
myriiidi of iadividiuls, who dr^w from u common fountaiu tbeir reqiu- 

Thii boily that we have to-d:Ly is not the body wo had yesterday ; we 
■hall change it t.gaia before to-morrow. Id .the coume of a year a 
man re(]uircs a tou and a lulf of material — that ia, nearly twenty timufl 
Lis own weight — to rupair Lis wasting; organs, mid to diseliarge his 
viul fuiictioDj- In thai shoit apace of time, the human family alone 
rasU into the atmosphere 1,800,000,000 of tons, and we are bnt a 
liittv frat.'tion of the vast aggregate of animal life which all iu its 
proper proportion ia doing the same thing. 
1' rum natuTD, which at this point of vii 
citaiiting pieture. let us turn to oursclvci. 
I'liiluaopliy in the splendor and profound inten-^t of its disL'overias. 
AVu tremble on the brink of dcteutlnn; the interior conxtitntion of mau. 
Will you hear me patiently while I give an example of what I mean ? 
No event has over tok«D ptoco in the world without Bpiintfuieously 
luaviug a recoverable impression of itself. The Land tliat wrotu those 
words has cast its shadow on the paper. A century hence, if tliu 
- ' " ' '' ■ ^-^ ■ ■ t be made vi»iW to the eye. 
tory than a shadow ? " Tl 
. . .0 emblem of tilings of a llecting nature. When the light, 
or the objeot that hoi obstructed it, ia withdrawn, the sliadow "llceth 
away aud contiauctb not." A snndia], that has been tolling the hoiira 
of tiic day, proscnls an unblemished surface when evening comus. 
Eafh morning it is ready for its task. The traces of the post hccmu all 
to have disappeared, but in truth they Btill exist, buried in the marble 
or [lie metal out of which the dial is made. 

They who have visited the dirk rooms of photographers know very 
well what 1 mean. The portraits of our friendt, or inndncope views, 
taxy he hidden, anl invi>ible to the eye, but ruidv to make their ap|)eiir- 
ancc as Mon a* projier means are resorted to, such as heat, or vapor of 
mercury, or )ul))hjte of iron, or pvrogallic acid. Shadows are not such 
tra.n>4lury things as men cotamonly suppow. In the cose of photogra- 
phy, we h.-ip]ien to know the proper menns (or development. The tiict 
of chief inteieU to us is the imperishability of the primitive impre^Hion. 
A «]»otre is concealed on a nilver or glassy surface, until hv our necro- 
mancy we moke it come forth to the visible world. Upon tne wnlU nf 
our pnnite apirtments, where we think th^t the eye of intrusion is alt^i- 
pether shut out, and our retirement can never be proKined, tliere exiHt 
the vestiges of al! our acts, silent but a|ienking silhouettes of whatever 
we have done. Can wc siy that amon^ those phantoms thme are nut 
B.ime on which we should lie reluctant to have the cunning chemi-.l try 
hif nrl, and leave them, as the pbolngrnphera sny, flied : some from 
which we iliould dread to hear the demand of the pluuitom of Eudcir, 
" Why liost ihou disquieted me to bring nie up?" 

If men were sure that their most Hccn't doings were at such n risk 
would not the world be better than it i* ? A sunbeam or a shadow can- 
not rill u|)an n surf.ice, no matter of what materia] that surface i> com- 
posed, without leaving upon it nn indelilile Impression, and an imprrsm'in, 
wbich miy, by aubuguent ajijilicition of ptuper (JbfiaacD^ tt^jBMA,\» 
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made Tuitble. In mmy cases we hive ascertained what the appropriate 
agent is ; our failure in othem is due to the imperfection of our knowi* 
ease, and not to any imiiossihility in the operation. Time seems to have 
ao Tittle influence on these effects, that I cin conceive it possible, if a new 
vault should hcreifter be opened in the midst of an E;?% ptian pyramid, 
for us ti conjure up the swarthy forma of the Pbarionic officials who 
were its last visitors, though forty centuries may have elapsed since thei 
departure. 

But let us see how these fiicts bear, in a most important manner, in 
the case of man. 

If after the eyelids have been closed for some time, as when we first 
awake in the mornnig, we suddenly and steadfastly gaze at a brightly 
illuminated object, and then quickly close the lids again, a phantom 
linage is perceived in the infinite darkness before us. We may satisfy 
ourdclvcs that this is not a fiction of the imagination, but € reality ; for 
many details that we had not time to examine in the momentary glance, 
may be contemplated at our leisure in the phantom. Wo may thus 
make out the pattern of such an object as a lace curtain hanging in the 
window, or the branches of a tree beyond. By degrees the image be- 
comes less and less distinct ; in a minute or two it hais disappeared. It 
seems to have a tendency to float away in the vacancy before us. If 
you attempt to follow it by moving the eyeball, it suddenly vanishes. 

**Now the condition that regulates the vanishing phantom-images 
on the retina is, that when they have declined in vigor to less than 
-^f of the intensity they had while in presence of the object that 
formed them, they cease to disturb the sight. Tliis principle is illus- 
trated when a candle-flame is hold opposite to the sun, or any light 
liaving more than 64 times its own briUiancy. It then ceases to be vis- 
il>le. The most exact of all known methods for measuring light— that 
by the extinction of shadows — is an application of the same principle. 

•*But the great fact that concerns us is this: Such a duration of 
impressions on the retina of the eye demonstrates that the eflfect of ex- 
ternal influences on nerve vesicles is not necessarily transitory. It 
may continue for a long time. In this there is a correspondence to the 
duration, the emergence, the extinction of impressions on photograpliic 
preparations. Thus I have seen landscapes and architectural views 
taken in Mexico, 'developed^ — as artists say— months subsequently ; 
the images coming out, after the long voyage, in all their proper forms 
and in all their contrast of light and shade. The photograph had for- 
p)tten notliing. It had equally preserved the contour of the everlast- 
ing mountains and the passing; smoke of a bandit fire. 

** Are there then contained m the brain more permanently, as in tho 
n^tina more transiently, the vestiges of impressions that liave Insen 
gathered by the sensoiy organs? Do these constitute the basis of 
memory — the mind contemplating such pictures of past things and 
events as have been cominittod to Tier custody. In her silent galleries 
are there hung micro ajnaphs of the living and the dead, of scenes that 
we have visited, of incidents in which we have borne apart? Are 
these abiding impressions mere signal-marks, like the letters of a book, 
which imp.art ideas to the mind, or are they actual picture-images, in- 
conceivablv smaller than those made for us by artists, in wliieh, by the 
aid of a mieroticope, we can see, in a space not VA^^x Xk^si v^^uk-boW 
M whole {hmily £^roup at a glance V 
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**The phantom-images of the retina, as I have remarked, artf not 
perceptible in the light of day. Those that exist in the sensorium, 
in like manner, do not attract our attention so long as the sensory or- 
gans are in vigorous operation, and occupied with bringing new im- 
pressions in. But when these or^ns become yreary and dull, or when 
we experience hours of ^reat anxiety, or are in twilight reveries, or 
asleep, the latent apparitions have their vividness increased by the con- 
trast, and obtrude themselves on the mind. For the same reason they 
occupy us in the delirium of fevers, and doubtless also in the solemn 
moments of death. During a third part of our lives we are withdrawn 
from external influences, — ^bearing, and sight, and the other senses 
are inairtive ; but the never-sleeping mind, — that pensive, that veiled 
enchantress, in her mysterious retirement, looks over the ambrot^-pcs 
shp has collected, — ambrotypes, for they are unfading impressions, 
— and combining them together as they chance to occur, weaves from 
them a web of dreams. Nature has thus introduced into our very 
organization a means of imparting to us suggestions on some of the 
most profound topics with which we can be concerned. It operates 
equally on the savage and on the civilized man, furnishing to both 
conceptions of a world in which all is unsubstantial. It marvclously 
extracts from the vestiges of the impressions of the past overwhelm- 
ing proofs of the reality of the future, and gathering its power from 
what might seem a most unlikely source, it insensibly leads us — no 
matter who or where we may be — ^to a profound belief in the immor- 
tal and imperishable, from phantoms that have scarcely made their 
appearance before they are ready to vanish away ! ^* 

APPARATUS FOB MEASURING THE VEI/)CITY OF PROJECTILES. 

The following is a description of an electro-balh'stic apparatus, re- 
cently invented by Major Navez of the Belgium army for moasuring a 
very small space of time, such, for instance, as a cannon-ball would 
take in passmg over a few yards. Before we proceed to explain this 
interesting machine, it will be necessary to remind our readers that an 
electric current has the property of magnetizing soft iron, and also, to 
mention the peculiar principle of the pendulum. This is, that the 
same pendulum will always, within certain limits, perform unequal 
vibrations in equal times, — that is to say, that a "seconds" pendu- 
lum will always take a second to make one oscillation, whether it be 
raised from the perpendicular 20° or 6°. Consequently, supposing 
a seconds pendulum to be selected we can take the arc it describes in 
one vibration, and, by dividing this arc into a scale ?f parts, we can 
arrest the pendulum as it falls ; and the distance it has fallen, measured 
into the whole lengdi of the arc, will give the fraction of a second in 
which the Cill took place. We see tlien, with what extreme minuteness 
wo can measure time by stopping the seconds pendulum l)efore it has 
fallen the yi}^ part of an arc m which it would vibrate. The electro- 
ballistic apparatus is used for detennining the velocity of a projectile, 
or the rate at which a shot proceeds after it leaves the muzzWof a 
^un. The instrument consists of three separate parts, one of wliich 
IS a principal and the otliers accessories. The chief part consists of 
a graduated arc, on which a pendulum is so adjusted that, it can Im^ «ks« 
rested at any period of its oscillation, and iUus OL^uoVa \3Dk!^ >Assii^Vu>&aa 
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taken to fall. Tbo pendulum, before an observation, ia held sasjpeaM 
at the left extremity of the arc, by means of a piece of soil iron in the 
center of the bol), which is ma^etized by an electric current through 
an electro-magnet at the point of support. Connected with this mag- 
net are two insulated wires, which pass away for 200 or 300 yanla, 
and terminate by the ends being wound across an upright screen, 
30 feet in front of the gun, where the ends are joined, so that the 
electric current is complete. Another instrument is employed, called jj 
the conjunctor, and performs the following office: At the top of it is ao 
electro-magnet, which is connected by wires with the second screen, 
120 feet in front of the finit, i. e. 150 feet from the gun. These wim 
are insulated with i^iitta-percha, &c., so that they may be either buriui 
in the ground or hung on posts. The electro-ma^et in the con- 
junctor retains a small weight suspended over a cup of mercury. Tiiis 
has a steel blade above it, with a pin so arranged that if the we^ht 
falls it pre^es it into the mercury. The pendulum has an index or 
dupli(rate i>endulum in rear, which is so attached to it by a lin:lit 
spring that it will lall and oscillate with the pendulum proper. Sc- 
hmd the machine \» a large electro-magnet, which has power to attract 
this index when magnetized. 

Upon the gun being fired, the projectile cuts the wires of the first 
screen, and thus demagnetizes the electro-magnet which liolds up the 
pendulum. This latter commences to fall, and the index needle with 
It, along the graduated arc. When the second screen is cut through 
by the shot, die ele(rtro-ra:ignot at the top of the conjunctor is dema^ 
nctized, and the weight falls into the luercur)', pressiug down the sted 
blade, and comnletes another elc(!tric circuit, which magnetizes the 
lar^e magnet in the rear of the nenduluin, and clamps the index needle 
against the scale on the arc. The operator then reads off the scale 
tho distance wlii(rh is marked by the index, and the time thus measured 
is that which the shot took to pass through the screens, minus the time 
necessary for the weight to fall in the conjunctor, and wliich the opera- 
tor, before commencing, finds by mea,iis of the disjunctor. A table 
has been prepared which shows tlie timo for the pendulum to fall dovrii 
any arc from to lol)^, and only ueecli to be referred to for any arc 
t'lroiigh which it falls when used as ahove. The time thus given has 
oalv to be diviiled into the distance between the screens, and the result 
will be the velocity of the projectile. By this contrivance a skillful 
operator is able to measure pretty accurately to the j-^^ part of a 
second. Such wonderful precision renders this instrument most val- 
iial)le for artillery scicntihc purposes ; and many most important 
problems have been solved by its use. 

PUODUCTION OF SOUND BY ELECTRICITY. 

The following communicition from Prof. Thomson, the well known 
En-^;ish scientist, i.H puijli^hcd ui the Lniidon Chemical Gtuette:^- 

YestcrJiy evening, wlien e:ig.ii;ed In nie isuriiig the cleJtroHtitic capaci- 
ties of some ApecimeiiH <jf in"4aiut<'d wire desigaed for submirine tele- 
graph cibkM, I h id occision fre:|uently todi^cii irge throu'»h a g ilvanometer 
coll, a condenser conti-^ting of iwd pirLillei j)Iiies of metd, sepirar^d hy 
a spuce of air alniut -007 inc!i acro'is, ml ch irginl to a difference of poten* 
tuJs equal to thai of uooul 80'J D .luiuYC « «:\«ua^v\v^ \ t«c&^ri«l ^ aa in- 



SATURAL FHILOSOFHT. 119 

•tant of diacbar^ a sharp sound, with a very slight prolonged resonance, 
which Beemed to come from the interior of the case containing the conden- 
ser, and which struck me as resembling a sound I had repeatedly heard 
before when the condenser had heen overcharged and a spark passed 
■cross its air-space. But I ascertained that this sound was distinctly aud- 
iiile when th'^re was no spark within the condenser, and the whole dis- 
charge took place fiurly through the 2,000 yards of fine wire, constitut- 
ing the g:.dvanometer coiL I arranged the circuit so that the place where 
the contact was made to produce the discharge was so f.ir from my ear 
that the initiating spark was inaudible ; but still I heard distinctly the 
same sound as before from within the condenser. 

Using instead of the galvanometer coil either a short wire or my own 
body (as in taking a shock from a Leyden phial), I still heard the sound 
within the condenser. The shock was imperceptible except by a very 
£unt prick on the finger in the place of the spark, and (the direct sound 
of the spark being barely, if at all sensible) there was still a very audible 
sound, always of the same character, within the condenser, which I heard 
at the same instant as I felt the spark on my finger. Mr. Macfarlane 
could hear it distinctly standing at a distance of several yards. We 
watched for light within the condenser, but could see none. I have since 
aacertiuned that suddenly charging the condenser out of one of the spec- 
imens of cable charged for the purix>se produces the same sound within 
the condenser ; also that it is produced by suddenly reversing the charge 
of the condenser. 

Thus it is distinctly proved that a plate of air emits a sound on being 
suddenly suitjected to electric force, or on experiencing a sudden change 
of electric force through it. This seems a most natural result when viewed 
in connection with the new the )ry put forward by Faraday in his series re- 
garding the part played by air or other dielectric in manifestations of elec- 
tric force, it also tends to confirm the hypothesis I suggested to account 
for the remarkable observation made regarding litrhtning, when you told 
me of it about a year ago, and other similar ol)servations, which I believe, 
bive been reported, proving a sound to be heard at the instant of a fiash 
of lightning in localities at considerable distances from any part of the 
line of dischiurge, and which by some have been supposed to demonstrate 
an error in the common theory of sound. I may add that Mr. Macfarlane 
tells me he believes he has heard, at the instmt of a fiash of lightning, a 
sound as (^ a heavy body striking the earth, and imagined ai first that 
something close to him had been struck, but heard the ordinary thunder 
at a sensible time later. 

INTEBBSTrjfG ELECTRICAL PHENOMENA. 

Prof. Piazzi Smyth recently sent to the British Journal of Photog- 
raphy a photographic picture, accompanied by the following note. 
On the 21st of July, I was trying the qualities of some newly-pre- 
pared dry plates by taking a window view of house-tops, and was 
surprised to find every chimney top surmounted by a black streak or 
brush; i. e. black in the negative, and therefore indicating light. 
Nothing of the kind was visible to the naked eye in the scene itself, as 
a reallv existent fact, nor was any similar appearance visible on the 
ground-^la^^ of the camera. The appearance, tViereloT^, ^^ "Wi^* 
lemJt from Mav bad acdou of the lens, which is & ^erj g<cM^ Q'c^* 
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Tho stop employed was a small one (0*3 inch), and the definition of 
the developod picture ^^as extremely sharp. Again : the appearanee 
could not be caused by smoke coming from we chimneys, becuM 
that would hardly have been luminous ; not ^f^ of the whole cbini- 
ncys could have had fires below them, and either smoke or rarefied 
air would have drifted with the wind, which ¥ras blowing sensibly at 
tho time, whilst the dark rays went upward straight as arrows. 
Again : that tho chimneys as chimneys, had nothing to do with it, 
was shown by a similar brush or ray appearing at the top of a certain 
little ventilator in tho roof of one of the houses shown, and not on* 
of the parts emitting air, but from the ornamental spike at the top. 

This circumstance convinced me at the time that the phenomenoa 
was an electrical one, invisible to the eye, but abundantly yisible or 
sensible to the photographic camera, and the occasion was perfectly 
agreeable thereto ; for it was at the conclusion of a week of unnsuallr 
hot, calm weather, and the sky had that morning become clouded wita 
forms of clouds eminently electrical. Happily the thunder-storm did 
not break in this neighborhood, being wafted away elsewhere ; but 
had it broken here, the photograph teUs exactly wkere the li^taing 
was preparing to come down ; and there is one tall iron chimney in 
the view, with the strongest ray of the whole above it, showing that 
that would certainly have been struck in preference to its ndghbon, 
and, if unprovided with metal communication to the earth and water, 
would infallibly have caused mischief to the house to which it is 
attached. 

I have sent a second plate, taken six days afterward, when cast 
wind and rain had disposed of all the electricity that had been brew- 
ing in the air ; and it will be seen that, although it is the same view, 
taken with the same camera, and with the same sort of t-ftTin^yi cliy 
plate, there are no electricxd brushes, or black rays, surmounting the 
chimney pots. 

ELEGTKTCITT FOB LIGHTING GAS. 

Messrs. Cornelius & Baker of Philadelphia, have recently patented 
and introduced a very beautiful method of lighting gas bv means dT fric- 
tional electricity f arranged for use with a bracket, two portable lighters, and 
a tabic li^lit, all being simple in arrangement and readily kept in order. 

These instruments are constructed upon the principle of the electro- 
phorus. 

The electric bracket is arranged with a brass cup in the form of a 
vase, restin;' u])on the bracket, with a connecting piece of hard rubber. 
This cu]) in lined with lamb-skin covered with silk, and contains the hani 
rubber electric piece, which corresponds in form to the inside of the cupi 
A coiled wire connects the cup with a wire attached to the burner, and 
terminating just above the burner. 

In order to light the gas, the stop is turned, the hard rubber pieos 
lifted partly from the cup, thus liberating the spark and lighting the flaHi 
^ The Portable Lighter consists of the same vase or cup, with the add.** 
tion of a non-conducting handle. When the brass cup is lifted from the 
electric piece, and held to the conducting wire of the burner, the gas ii 
immediately lighted. 
Another portable mstniment called Double Au-TIqIA 'SUcAtv^^Imiw^ 



BATUBAL PHILOSOPHY. 121 

<on.iiatt of two incUtlic tubes, each closed at one end, and connceting kh 
lether at the other, with a noQ-canductin^ rln^C of hard rubber, the inside 
being lined with kmb-skin. A hard rubber n>d i^ pbced wltbin them, 
the length of one of the tubes, and Qltin}{ them so at to move Bometrhat 
freely from end to end. When lie movable piece insidi; u allowed to 
la!l to one end, and the tube is raised to the connecting wire of the 
burner, this piece changes ill place aguin, EillJng into the tube held by 
the hand. The spark Teaves tke upper end of tLe tube at the same tima 
and iight« the gas. 

The Table Light Burner consists of the satne inslrument, arran^d 

rn a pivot regularly attached to the pillar light. — Am. Cfas Light 
moL 



Prof. Johnnton, of the Wesleyan University, Middletown, Conn., in a 
'ecent note to the editors of Silliman'i Juarnal, calh attention to k 
Dirkalde power in pyroxiline-paper of producing positive electrical ex- 
rmenl in sulphur, sealing-wax, A:c. His note is as follows : " We sra 
told by writer:! on electricity that sulphur by friction with all other nib* 
etiuioei becomes aeijaticdi/ excited ; as cat's fur, on the other extreme, 
by fricdon with all ithcr substances becomes excited potititely. But a 
few days ago I mide the discovery that sulphur by friction with paper- 
pyroiiUnc (I will cill it) is excited trllh poutiveelectricity, as ore also 
seiling-wax, amber, &c. The paper is prepared in the same munner aa 
gun-cotton, which would also in all probability be found to possess the 
some properly." 

ProL SiUimm further adds, to relation to thla tome: " I hive repeated 
and oonSrmed Prot Johnston's experiment, extending it to gun-cotlon. 
I lind as he sugi^sts that the latter substance produces the same excite- 
ment of positive electricity which is produced by the pyroxiline- paper. 
The most energeric effects are produced when vulcanized Indi.i-rub'ier ia 
the electric Th« (ippoaile ellecta in this substance produced bv flannel 
and the gun-cotton or pyroiiline-jtaper are very striking, and will form a 
f^ood lecture-roooi illustration. These substances also produce powerfiil 
jMsitive excitement in gliss. It is difficult from the use of pith bjUi 
alone to determine which produces the most powerful positive excite- 
ment, glass or hard rubber, when excited by gun-cattoa or pyroxiline- 
[laper. Thin seeming anomaly, confounding our ordin^try meini of dii- 
crimiuation in enm of eluctrical exoitement dsm mdi further invesiiga- 
tiun. It would apneir that of negative electrics yet observed, these 
ozotized species of cellulose are the most remarkable, — in comparison with 
vliich the most highly negative electrics hitherto known became posi- 
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Prof. Seely, of New York, hu recently obtained a patent for an 
rloctric light, which is claimed la be more uconoaicd and effectivs 
than any of the method* hitherto devised. Ua employs the tnirront 
generated by an ordinary frictional elc'trical machine, and obtains Uio 
li;j;ht by tnti<rruptiug the I'urreat. It has long been known that a very 
brilliant and steady light might bS procured in this 'oi.'j , ^it- ^X)K <J^ 
joction to ita a$e is the uacertaioty La tWe v:AMii. at Ou (cvt&nc^ 
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macbine. Dry air is a very poor conductor of electiricit3rv and wiicii 
a machine is excited in such an atmosphere the electricity will remain 
in tension for a considerable time. But moisture in the air coiiductf 
the electricity away, and when the moisture reaches a certain point the 
fluid is removed so rapidly that the machine will not work. ProC 
Seely^s invention consists in devices for making the action continuoiu 
in all weathers. This is effected by surrounding the machine with a 
glass case, and keeping the air withm the case dry by means of chlo- 
ride of calcium or other hygroscopic substance. It has been observed 
that when the conductor of an electric current is interrupted in a way 
to draw a spark across the break, the brilliancy of the spark varies 
with the material by which the conductor is terminated at the break. 
Prof. Sccly is now engaged in experiments to ascertain what material 
will produce the most intense light. 

If the apparatus works acconling to anticipation a cotton mill may 
be lighted without any current expense, except the smaU power 
required to turn the electrical machines. As in mills driven by water 
there is always a surplus of power during the winter months, the only 
time when lights are required, there would be no expense lor this 
light except the first cost of the apparatus, which would be quite mod- 
crate. — bclentific American. 

Fishinf/ by the Electric Light. ^^Ssi experiment has been recently 
made at Dunkirk, France, to use the electric light in fishing at night. 
The light was supplied by a pile on Bunsen^s principle, composed of 
about .00 elements, and it succeeded tolerably well, but the employ- 
ment of the pile was attended with much inconvenience. It was theii 
determined to repeat the attempt with a magneto-electric machine. 
The new experiments tried at Dunkirk and Ostend had a double ob- 
ject — 1, to proVe how the light produced by the machine would act 
under water ; and, 2, to discover the effect the light would produce 
on the fish. The first object was completely accomplished, and it is 
now demonstrated that magneto-electric machines and the li^ht they 
produce are applieable to all submarine works. In fact, this light 
was constant at 18!) ft. under water, and it extended over a lar?e sur- 
face. The machine, nevertheless, was placed at a distance of more 
than 300 ft. from the regulator of the electric light. The glass sides 
of the lantern remained perfectly transparent, and the quantity of 
coal consumed was less than if it were in the open air. 

• THE ELECTRIC FLY. 

Mr. Charles Tomlinson communicates to the Philo.fophie(d Journal 
an iutertisting account of many experiments made by him with the 
little instrument use«l in connection with an electrical machine called 
tli(» electric fiy, or nill, or tourniquet, which is formed of two or more 
mi^tiillic radial anns, having their extremities bent at right angles and 
brv)ii^ht to a fine point. Aja a preliminary explanation why ho has 
made these ex[>crimcnts, he gives various opinions of philosophers as 
to the cause of its action. Afler detailing its backward revolutions in 
the open air and under a glass vase, its inaction in rarefied air, its 
increased action in turpentine, benzole, and parafiine oils in both di- 
rections, and its forwanl motion ii#the air after a modification of iti 
points, he concludes, while incllmu^ io \J:ic^ o^ASkk^xi of Cavollo m a 
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general explanation, '' that the theory of the fly reauires a different 
expression for an aerial as compared with a li<j[uid dielectric, its be- 
liavior is also different in air of different densities : and also when 
wholly and partially inclosed; also, when the points are covered; 
and even then there is a difference in action, in the presence of flame, ^' 
fit>m which we infer that its behavior is so modified by circumstances 
that no one expression represents the law governing its action. 

ELECTRICITY IN THE TREATMENT OF HYDROPHOBIA. 

The Journal de Physique contains a remarkable case of recovery 
from hydrophobia by galvanism, extracted from a ** Report presented 
to the Academy of Turin,^^ by Signer Eandi. A man presenting all 
the symptoms of hydrophobia (he had been bitten by a mad do;:) 
was brought to Dr. Kossi, who, observing that he could not bear the 
sight of water, nor that even of shining bodies, provided in another 
room a pile consisting of 50 pairs of plates of silver and zinc, inter- 
mixed with 50 pieces of pasteboard moistened with a solution of muri- 
ate of ammonia. He employed slips of brown paper moistened, as a 
conductor on which the naked feet of the patient were placed, and at 
the moment when he opened his mouth to bite, one end of the arc was 
thrust into it, while the other communicated with the pile. The pa- 
tient suffered a great deal from this operation, which, after several 
shocks, weakened him so much that he could no longer support it. 
Being stretched out on the floor, he was then galvanized with ease ; 
the operation made the sweat run from him in drops. This treatment 
was continued for several days, and resulted in the complete recovery 
of the patient. This cure, sa^s the report, was effected in the pres- 
ence of several persons. This was about 12 years ago, if I mistake 
not. The experiments lately made at the Hosi)ital of Lemberg were 
satisfactory in so far as the application of electricity had the effect of 
procuring a temporary reliei, though the patients were not saved 
thereby. Dr. Essrogen, who relates this fact in the ZeiUchrift fur 
pracfUche Heilkunde, is of opinion that had the application of eu^c- 
tricity been continued, a complete cure would have been brought 
ftbout. — Fhil, Med, and Surg. Bep. 

NEW CALORIC BATTERY. 

At a late meeting of the Inventor's Institute, Mr. James Dickson read 
an interesting paper on *' Certain Inventions for inducing the Economicnl 
and Eflicienl Production of Voltaic Electricity fop lighting Streets and 
other Puri^oses." The object of the iwper was to explain the me ms i)y 
which electricity could be readily and economically produced. The his- 
tory of Voltaic Electricity was carefully traced Irom the time of Voltn, 
from whom this form of electricity took its name, to the present tim?, 
special mention being made of Grove*8, Snell's, the Maynooth and other 
lotteries, which from time to time have been looked upon as vast im- 

Jrovements upon their existing apparatus. The theories of M^iyer & 
oule were referred to, a^ well as the researches of Prof. Tyndill, \\\n>ne 
** Heat as a Mode of Motion " contains so much valuable information on 
the subject. He considered that the rapidity of the vibration U the 
atoms in a conductor wnf« exactly in proportion to its conduciins power, 
and exphuned that, whilst a kitler}* woa prodadn^ \i^\. ^ndi t^X^Vsm^ 
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material was consumed thin when the battery pdles are Erectly eoD* 
nected with each other. Mr. Dickson's battery was described as one of 
the hot class, — the sulphuric acid was heated to QOQP Fahrenheit. He 
claims, by his mode of applying heat, to he able to use iron and other 
cheap metals, instead ot the dear ones, anc, copper, &a^ The relative 
mobuitv of the atoms of an electrolite determinea, he considered it^ force 
rather than its specific gravity. When oil of Titriol was heated to350^ FahCi 
only, the electnc action is less powerful than when heated to 600^ Fohr., 
probably owing to the waves being less rapid. With the oecessan* per- 
colating apparatus he was convinced that his battery would be luocesslul 
for lighthouse purposes. He considered 15 of his cells equal to 20 or- 
dinary cells ; tnrec ofhis cells are not equal to two of nitric add cells, but 
tlie increment in his battery was greater. Grove's battery cost 1«. 5dL 
to produce the same amount of electricity as that produced for 10 JdL 
by Dickson's. Conipanng the lighting powers, 11 Id. with the calm 
batter}', will produce the same amount of light as 1^. 6cL by Grove'Si 
He declared that the sulphur liberated at the negative poles could be 
converted into sulphuric acid to the extent of ^ The oil of vitriol 
during the working of the battery, becomes cominned with water, but 
the acid is easily and cheaply reconcentrated. In Sncll's, Daniell's, and 
Grove's batter}', the sulphate of zinc cannot be recovered, whilst in his 
caloric battery the recovery was not difficult The chairman expressed 
the fear that the inventor promised so much that he was no more likely 
to perform it than to obtam perpetual motion ; indeed, if the inventioe 
were not overstated, they woula certainly be nearer perpetual motion 
than they have ever been before. Mr. Varley suggested that as the 
principal feature in the invention appeared to be the heating of the ma- 
terials, it was not impossible thit it might be as great a step in advance 
as the introduction of the hot-blast in the manufacture of iron : this of 
course remained to be seen. — London Mecfuinics' Magazine. 

ILLUSTRATIONS OF MAGNETIC ACTION. 

The following is a partial report of a lecture recently delivered 
before the lloyal Listitution of London, by Prof. Tyndall, "On some 
of the Phenomena of Maj^netism":— 

The Crackle of Magnetized Iron. — ^Ilcro is a fine permanent mag- 
net, competent to carr}- a great weight. Here, for example, is a di«i 
of iron nails, which it is able to empty. At the other side of the 
table you obsen-c another mass of metal, bent like the magnet, but 
not, lik(^ it, naked. This msLS», however, is not steel, but iron, and it 
is surrounded by coils of copper wire. It is intended to illustrate 
the excitement of magnetism by electricity. At the present moment 
this huge bent bar is so inert as to be incapable of cam'ing a single 
grain of iron. I now send an electric current through tne coils that 
surround it, and its power far transcends that of the steel ma^et oa 
the other side. It can carry f>0 times the weight. It holds a 56 lb. 
weight attached to each of its poles, and it empties this large tray of 
iron nails when they are brouglit sufficiently near it. I interrupt the 
current ; the power vanishes and the nails lall. 

Now tlio magnetized iron cannot be in all respects the same as ths 
unmagnetized iron. Some change must take place among the mole- 
culcs of the iron bar at the moment of ma^cietixation. And 



NATUIIAJL PUILOSOPUT. 12s 

coriotis ftfilion which accompanies the act of ma<;;:netization I will now 
toy to make sensible to you. Other men labored, and we are here 
entering into their Ubors. The effect I wish to make manifest was 
discovered by Mr. Joule, and was subsequently examined by MM. 
De la Rive, Wcrtheim, Marian, Matteucci, and Wartmann. It is this. 
At the moment when the current passes through the coil surrounding 
the electro-magnet, a clink is heard emanating from the body of the 
iron, and at the moment the current ceases a clink is also heard. In 
fact, the acts of magnetization and demagnetization so stir the atoms 
of the magnetized body that they, in their turn, can stir the air and 
send sonorous impulses to our auditory nerves. 

I have said that the sounds occur at the moment of magnetization, 
and at the moment when magnetization ceases ; hence if I can devise 
a means of making and breaking in quick succession the circuit 
through which the current flows, I can obtain an equally quick suc- 
cession of sounds. I do this by means of a contact breaker which 
belongs to a Ruhmkorff^s induction coil. Here is a monochord, and 
a thin bar of iron stretches from one of its bridges to the other. 
This bar is placed in a glass tube, which is surrounded by copper 
wire. I place the contact breaker in a distant room, so that you can- 
not hear its noise. The current is now active, and every individual 
in this lai^e assembly hears something between a dry crackle and a 
musical sound issuing from the bar in consequence of its successive 
magnetization and demagnetization. 

Mctqnetitm of the Electric Current. — ^Hitherto we have occupied 
ourselves with the iron which has been acted upon by the current. 
I-iCt us now devote a moment's time to the examination of the current 
itself. Here is a naked copper wire which is quite inert, possessing 
no power to attract these iron filings. I send a voltaic current 
through it : it immediately grapples with the filings, and holds them 
round it in a thick envelop. I interrupt the current, and the filings 
fall. Here is a compact coil of copper wire, which is overspun with 
cotton to prevent contact between the convolutions. At present the 
coil is inert ; but now I send a current through it : a power of attrac- 
tion is instantly developed, and you see that it is competent to empty 
this plate of iron nails. 

Thus we have magnetic action exhibited by a body which does not 
contain a particle of the so-called magnetic metals. The copper wire 
is made magnetic by the electric current.* Indeed, by means of a cop- 
per wire, tm*ough which a current flows, we may obtain all the effects 
of magnetism. I have here a long coil, so suspended as to be capable 
of free motion in a horizontal direction ; it can move all round in a 
circle like an ordinary magnetic needle. At its ends I have placed two 
spirals of platinum wire, which the current vnW raise to brilliant 
incandescence. They are glowing now, and the suspended (»oil be- 
haves, in all respects, like a magnetic needle. Its two ends show 
opposite polarities ; it can be attracted and repelled by a magnet, or 
by a current flowing through another coil ; and it is so sensitive that 
the action of the earth itself is capable of setting it north and south. 

Ampere^s Theory, — ^There is an irresistible tendency to unif^- in the 
human mind; and, in accordance with our meutiA C0Tv?>\A\Ax\\QfW, ^^ 
desire to reduce phenomena, which arc so nmch aX\^<i \.o ^ ^ivsvoiwo^ 

11* 
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caune. Hence the conception of the celebrated Ampere tliat a ma^ 
net is simply an assemblage of electric currents. Konnd the atom 
of a magnet Ampere supposed minute currents to circulate inces- 
santly in parallel planes ; round the atoms of common iron he also 
supposed them to circulate, but in all directions, — thus neutralinng 
each other. The act of magnetism he supposed to consist in Uie ren- 
dering of the molecular currents parallel to a common plane, as they 
tre supposed to be in a permanent magnet. This is tne celebrated 
theory of molecular currents propounded by Ampere. 

The Lengthening of Iron by iiagnetism.^ia it a fiu^ that an iron 
»ar is shortened by the act of magnetization ? It u not. And here, 
IS before, we enter into the labors of other jnen. 

Mr. Joule was the first to prove that the bar is lengthened. Mr. 
Toulc rendered this lengthening visible by means of a system of levers 
and a microscope, through which a single observer saw the action. 
The experiment has never, I believe, been made before a public audi- 
ence, but the instrument referred to at the commencement of thb 
lecture, will, I think, enable me to render this effect of magnetizatioa 
visible to everybody present. 

Before you is an iron bar, two feet long, firmly screwed into a solid 
block of wood. Sliding on two upright brass pillars is a portion of 
the instrument which you see above the iron bar. The essential parti 
of this section of the apparatus are, first, a vertical rod of brass, 
which moves freely and accurately in a long brass colkr. The lower 
end of the brass rod rests upon the upper Sat surface of the iron bar. 
To the top of the brass rod is attached a point of steel ; and this point 
now presses against a plate of agate, near a pivot which forms the 
fulcrum of a lever. The distant end of the lever is connected by a 
very fine wire with an axis on which is fixed a small circular mirror. 
If the steel point be pushed up against the agate plate, the end of the 
lever is raLsed ; the axis is thereby caused to turn, and tho mirror ro- 
tates. I now cast a beam from an electric lamp upon the mirror; it is 
reflected in a luminous sheaf, 15 or 16 feet long, and it strikes our 
screen, there forminj^ a circular patch of brilliant light. This beam 
is to be our index ; it will move as the mirror moves, only with twice 
its angular velocity ; and the motion of the patch of light will iufonn 
us of the lengthening and shortening of the iron bar. 

I employ one battery simply to ignite the lamp. I have here a 
second battery to magnetize the iron bar. At present no current is 
passing. I make the circuit, and the bright image on the screen u 
suddenly displaced. It sinks a foot. I break the circuit ; the bar 
instantly shnnks to its normal length, and the image returns to its 
first position. I made the experiment several times in succession ; 
the result is always the same. Always when I magnetize, tho image 
instantly descends, which dc^clarcs the lengthening of the bar ; alwavs 
when I interrupt the current the image immediately rises. A little 
warm water projecti^d against the bar causes the image to desceml 
gradually. Tiiis, I believe, is the first time that this action of mag- 
netism has been seen by a public audience. 

I have employed the same apparatus in the examination of bismuth 
bars ; anfl, though considerable power has been applied, I have hith- 
erto failed to produce any sensimc eSt^t. It ^^ t^Xftaa^ocmoQiTabls 
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ibat complemontiry effctrts might be hero cxiiibitcd, and a new an- 
titbests thus estabUsheil betni^ea magnetism and diamagnctiam. 

So explanation of thia action ha», to my knowledge, heea oStircd ; 
and I would now beg to propose one, which soema to be auffit^ient. I 
place thia Urge Qat magnet upon the tabic; orer it 1 put a paper 
screen, and on the acreen [ ahake iron filings. You know the beau- 
tiful lines in which dioae filings arrange theuuelvca, — tinea which have 
become classical from the uae made of them in fhi^ Institution ; for 
they have beea guiding-threads for Faraday'a intelligence while ex- 
ploring the moat profound and intriuate phDuomena of magnulism. 
These linos indicate the direetion in which a small magnetic needle 
seta itself when placed on any of them. The ni^dle will always be a 
tangent to the maguetic eurve. A little rod of iron, freely suspended, 
behaves exactly like the needle, and sets its longest dimeDsion in tha 
direotion of the magnetic curve. In fact, the particles of iron filings 
theuisc>lTes are virtually so loany little rods of iron, which, iriien they 
Arc released from the friction of tbo seruun by tapping, set their long- 
est dimensions along the lines of force. Now, in tliis bar magnet the 
lines of force run along the magnet itself, and were its particliHi capa- 
ble of free motion they also would set their longest dimensions 
parallel to the linos of force, — that is to say, parallel to the length of 
the magnet. This, then, is the explanation which I would offer of the 
lengthening of the bar. The bar is composed of irregular crystalline 
granules ; and, when magnelized, these granules tend to set their long- 
est dimensions parallel to the axis of the bar. They succeed, partially, 
jtnd produce a microscopic leti^hcning of the bar, which, suitably ma^ 
Hilled, has been rendered visible to you. 

But can wc not brio^ a body with movable particles within an elec- 
tro-magnetic coil ? We can ; and I will now, in conclusion, show you 
an experiment devised by Mr. Grove, which bears directly upon this 
question, but the sight of which, T believe, has hitherto been confined 
to Mr. Grove himself. At all evonta, I am not aware of its ever 
liaving been made before a large audience. I have here a cylinder 
with glass ends, and it contains a muddy liquid. Thia muddineasis 
produced by the magnetic oxyde of iron which ia suspended mechanic- 
ally in water. Rouud the ^lass cylinder I have coiled five or six 
layers of covered copper wire ; and hero is a battery from which a 
current can be sent Itirough the coil. First of all, I place the ulass 
cylinder in the path of the beam Irom our electric lamp. and. by 
iniianB of a lens, cast a magmfied image of the end of the cylinder on 
t'le screen. That image at present poaaeaaes but feeble illumination. 
The light is almost cxtingmshed by the suspended particles of laig- 
netic oxydu. But, if what I have stated regarding the lines of force 
tliruu;:;h the bar of magnetized irciu bo correct, the particles of the 
o^yilc will suddenly set their longest dimeosions parallel to the ans of 
till! irrlin'lur, and also in part set themselves end to end when the 
' " ' I seat round them. More light will be thus enabled to pass ; 
you observe the effect. The moment 1 establish the circuit 

diao upon the screen becomes luminous. I interrupt the current, 

■nd gloom auporrenes ; I re-establish it, and we have a luuuooua diau 
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ON TUE KECIf ANICAL THEORY AND APPLICATION OF TOE LAWS 
OF MAGNETIC INDUCTION AND KLKCTUICITY. 

In a paper on the above subject read before the British Associiitioii, 
at its last meeting, by Mr. J. B. Thomson, electricity and ma^etism 
were considered as a force in the same way as heat and li^t ; and 
electric and magnetic induction were treated in correspondence widi 
mechanics. The summary of the author's theories b : -That the phc- 
momena called electricity and magnetism are two forms of force wuidi 
may either be in conatus or in act. If in conatas, they are in a state 
of tension ; if in act, then in a state of fluxion. Electricity is in co- 
natus when in the static form of excitation, or when the Yoltaic cireuil 
is not completed ; in act, when the matter highly excited Is brought 
in conta(;t with matter less highly excited, or when the voltaic cirL-uit 
is completed. Magnetism is in conatus when the magnetic vorticd 
sphere is held constant by a constant electric current, or by hardened 
steel or ma'^nt^tic iron ore, so that the earth-magnetism may flow in ; 
in act, on its electric projection and recession, or when iron or some 
other paramagnetic is moved through this sphere. That electric con- 
dution is by certain molecular movements of particular portions of mat> 
ter. Those wherein this movement is casuy exc*ited are called con- 
ductors, and those wherein it is with difficulty excited are called insula* 
tors. That magnetic conduction is by the symmetrical arrangement 
into a vorticitl sphere of spirals of a general medium, which pervades 
all matter, and holds it in that fonn for the time being. That par- 
ti<;ular matter wherein the sphere is easilv excited is called paramag- 
netic, and that wherein it is with more difficulty excited is called dia- 
magnetic. That this sphere can be fixed by means of hardened sted 
or magnetic iron ore. That the magnetic vortical can be excited by 
means of spiral currents of electricity generally, and even by a tan- 
cent to such spiral. Also it can be mduced by magnetic conduction 
m paramagnetics. That the magnetic force is only in a state of floxioo 
on the projection aud recession of this sphere. That this sphere is 
projected in the direction of tlie exciting electric current, and rcced*^ 
in the opposite direction. That the electric force is induced on the 
projection of the magnetic vortical, and also on its recession. Th.it, 
consetpiently, for one inducing current there are two induced cur- 
rents ; therefore, it would appear that by induction electric excitation 
is multiplied. Finally, that these inductions and conversions of force 
are in strict accordance with the laws of mechanical motion. In con- 
ne(>tion with tlie paper an induction machine was exhibited, the chief 
points of novelty in which appear to be these : That it is self-acting ; 
the current of voltaic electncitv which produces the induced current 
also drives the machine ; that the macliine can be so adjusted that the 
quantity and intensity of the induced current shall range from that of 
ten Daniell's cells to tliat of 1,000, and this without emploving in Jrt 
than three or four cells. These are valuable properties to electriciani 
who are engaged in ex[)erimonts with ele^-tricity of high or evenmod- 
erati'lv hi;;h tension. Besides, it is applicable to any batteries what- 
ever, liaviug been used experimentally for telegraphy and for electro- 
depositing. For telegraphy through submarine and subterraneous 
cables there appears to liave \)eei\ a great o\i\evi\Aoxv \» vwi>\\«^ic^tv ma- 
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dimes, or rather induction coils. The objection was, that these induc- 
tion coils sent their electricity through the cables in sudden intense 
shocks, which injured the insulation of the cable. In this macliine it 
IB apparently a continuous flow, and no spark will jump from one elec- 
troae to the other, unless first brought in contact, as in batteries. When 
modified for electro-plating it is much more efficient than the ordinary 
lottery ; for though it deposits the metal more slowly on any one ar- 
ticle, yet it deposits it much more firmly and with a better surface than 
the ordinary batteiy does, and it will deposit the same c[uantity on 
1,000 articles at once, which enables it to deposit ten times more 
metal in the same time than its own exciting battery would do. The 
construction of the machine is apparently very simple, and will not be 
easily deranged or speedily worn out. 

ANALYSIS OF MAGNETIC STORMS. 

The first analysis of 177 magnetic storms, recently laid before the 
Royal Society, by the Astronomer Royal, Mr. G. B. Airy, is printed 
in a late number of the Proceedings of the Society. In regard to 
the physical inference to be derived from the numerical conclusions ob- 
tained from tables exhibiting the algebraic sum of fluctuations for 
each storm, the aggregate or mean for each year, and for seventeen 
years, the number of irregularities for each year and for the whole 

Eeriod, &c. » Mr. Airy expresses his strong opinion that it is impossi- 
le to explain the disturbances by the supposition of definite galvanic 
currents, or definite magnets, produced in any locality whatever. He 
suggests that the relations of the forces found from nis investigations 
bear a very close resemblance to what might be expected if we con- 
ceived a fluid (to which, for facility of language, the name ** magnetic 
ether *' is given) in proximity to tiie earth, to be subject to occasional 
currents produced by some action, or cessation of action, of the sun, 
which currents are hable to interruptions or perversions of the same 
kind as those in air and water. He shows that in air and water the 
general type of irregular disturbance is traveling circular forms, 
sometimes with radial currents, but more frequently with tangential 
currents, sometimes with increase of vertical pressure in the center, 
but more frequently with decrease of vertical pressure ; and, in con- 
sidering the phenomena which such traveling forms would present to 
a being over whom they traveled, he thinks that the magnetic phe- 
nomena would be in a great measure imitated. Mr. Airy recommends 
that observations be made at five or six observatories spread over 
Europe, and would prefer self-registering apparatus, provided that its 
zeros be duly checked by eye observations, and that the adjustments 
of the light give sufficient strength to the traces to make them visible 
in the most violent motions of the macniet. 

CUEIOUS MAGNETIC DISTURBANCES. 

At a recent meeting of the Royal Society, Gen. Sabine brought to 
notice some remarkable magnetic phenomena recently brought to 
light by his researches, namely, the difference of direction observed in 
disturbances of the magnetic declination at stations in England, and 
others beyond the Ural Mountains. The days and hours at which the 
phenomena occur are, with slight exception, the samib, tta<\^^x&i^^^ 
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ments are simaltaneous, in both localities ; bat the directkMi ol ikt 
magnet indicating the disturbances is directljr the lerene in Easten 
Siberia of the direction in England. 

RESIDUAL HAGNBTISX. 

Dr. A. Yon Waltenhofun has communicated to DingUr^M PotfUA- 
nisehes Journal, an account of a curious magnetic disooverj wfaidi hi 
has recently made. It is a well-known fact that the. magnetism of ai 
electro-magnet docs not entirely disappear with the oesaatioa of the 
ma;;netizing current. Dr. A. Von Waltenhofen has, however, ob- 
served that the amount of this residual magnetism, as it is called, ii 
dependent upon the manner in which the current is interrupted. If 
tliis interruption takes place suddenly, the residual maffnetiam i< 
much loss than when it takes place gradually. A still more mteresting 
circu:nstance has been observed by him, viz : that the residual maenetp 
ism obtained by suddenly breaking a very strong current, is sometimei 
of an opposite nature to that previously existing m the electro-magnet 
This fact, whirh he has hitherto only noticed in very soft iron, is of groat 
interest, inasmuch as it furnishes a new and simple proof that magnet' 
ism is not caused by the separation of two fluids, but by the motion of 
marrnctic molecules, to which is opposed a certain amount offrictiooil 
n^si stance. With much ingenuity lie compares the state of each mag^ 
netic molecrule of the electro-magnet to that of a spring which is bent 
back. If the spring be suddenly released, it will return very noarlr 
to its original position, or even go beyond it. On the other hand, tf 
it be released gradually, it ¥rill stop at a point still further remoVed 
from its original position. 

•* LIQUID STEERING C03iPA3S" AND •'MONITOR OOXPASS." 

Two new forms of compass recently devised by Mr. £. S. iUtdiie, 
of Boston, have the following construction: The distinctive pecul- 
iarities of the li(]uid compass are an air-tight metallic case widiia 
whi(rh is placed the magnetic needle, and of such size and weight ai 
to be of very nearly the same specific gravity as the liquid in which 
it is intended to iloat. The weight is thus removed from the mvot* 
and friction is almost prevented; certain modifications being mtro- 
duced to provide against tilting and other omei^ncies occnrrin^ 
during the motion of the ship. The distinctive principle of the 
Monitor Compass is the separation of the magnet from the canl or 
index, so that the magnet may be elevated above the sphere of dti- 
turbing attraction of the iron of the ship, while the card is brought 
to a convenient position to be seen by the pilot ; and suspending the 
movable |>ortion in a liquid so as to secure entire freedom from frio- 
tiun, that the needle may obey the polar force, and at the same t»"^ 
great steadiness is secunul for the card. 

New Form of Mat/aefic Needle. — At a recent meeting of the Man- 
chester Philosophical Society, Mr. Joule exhibited a new form of 
imignetic needle for showing rapid and minute alU^rations of declina- 
tion. It consisted of a piece of hardened and polished watch spring, 
an inch long, and ^^ of an inch broad suspended vertically by a fila- 
ment of silk. The steel was magnetized in the direction of iU 
breadth, lie remarked that Professor Thomson had long inoistad 
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■pon the adyantages which wonld attend the use of very small bars 
in most maffnetical investigationsy and had employed excessively 
minute neeSes in his galvanometers with great success. Dr. Joule 
stated his intention to fit up his needle so as to be observed by light 
reflected from its polished surface, or otherwise, by viewing a glass 
pointer, attached to the bottom of the steel, through a microscope. 
He belieyed that by the latter plan he should be able to observe 
deflections as small as one second of an arc. 

Orecu Electro-Magnet, — ^Messrs. Chester, of New York City, have 
recently constructed an electro-magnet of unusual size, for the New 
York Free Academy. It is made of the purest iron. The core is 
four inches in diameter; its total lengtn is five feet. The wire 
wonnd upon it is in eight separate strands, and the aggregate weight 
of copper is 200 pounds. The entire weight of the magnet is 650 
ponnos. It is arranged either to be suspended with the faces down-* 
ward, or to be placed upright on a wheeled platform. Connected 
with it is apparatus for diamagnetic experiments, consisting of rotat- 
ing copper discs and tubes. When the magnetic force is in action 
the rotating disc is instantly stopped, and motion is converted into 
heat. The heat evolved is sufficient to cause water to boil in a cop- 
per tube. 

THE TELEGRAPH AS A MBTEOBOTX)GICAL INDICATOR. 

** The electric telegraph is likely to render us henceforth a service 
which it has not until now been oiown to be capable of. For some 
time past it has been systematically employed, to transmit to one 
center meteorological observations made at a great number of widely 
scattered points, and to transmit from that center predictions founded 
on these observations; but Father Secchi, the Italian savant j now 
informs us that a line of telegraph wires itself constitutes a better 
indicator of certain kinds of meteorological changes than any other 
we as yet know of. All persons at all familiar with electric telegraphy 
are aware that currents other than those proceeding from the batteries 
employed are constantly passing along all lines of telegraph wires. 
They are derived from either the earth or the atmosphere, and are 
called * earth-currents.' They are subject to great variations, which 
Father Secchi and some of ms friends have for some time past been 
carefully studying, with the result, among others, of fincung that, 
whenever the earth-currents are more irregular than ordinary, bad 
weather invariably follows, the degree of their regularity of the 
earth-currents bearing always an exact relation to that of the storm- 
iness of the weather which they precede. We are certainly progress- 
ing as rogards our power of forecasting meteorological changes." 

OX PERIODIC CHANGES IN THE MAGNETIC CONDITION OP THB 
EARTH, AND IN THE DISTRIBUTION OP TEMPERATURE 

UPON ITS SURFACE. 

The following is an abstract of a very curious and interesting 
paper recently read before the Manchester (Eng.) Philosophical So- 
ciety, b^ Mr. Baxendall, F. R. A. S. He says : — 

Considerations arising out of an investigation of the irregularities 
wfaicb take place in the chaagos of some of the varia^AQ a\AX^,\^\^^ 
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author some time ago to regard it as highly probable that the 11^ of 
the sun, and also its magnetic and heating powers, might be subjed 
to changes of a more complicated nature than has hitherto been sup- 
posed, and tliat, besides the changes which are indicated b^ the groift- 
cr or less frequency of solar spots, other changes of a mioor chin^ 
ter, and occurring m shorter periods, might also take place. In Um 
hope of detecting these supposed changes, the author resolved to 
undertake the discussion of a series of magnetical obserralious, and 
for tliis purpose he selected the observations made at the imperial 
Obser^-atory of St Petersburg, the most northern station at which 
hourly magnetic observations have been made for any lengthened 
period. Commencing, therefore, with the year I8I89 the greatest 
and least values of the magnetic declination for every day were 
extracted from the observations; and, taking the differences and 
Arranging them in order, it was found, on a careful examination, that 
t'ley indicated changes of activity taking place in a period of 31 dayi. 
The daily oscillations were then arranged in a table, when it wif 
found that out of 17 consecutive days, the amount of oscillation, oq 
range of the magnetic needle, was above the mean on 13 days and be- 
low the mean on only four days ; while of tlie remaining 14 daji* 
the ransQ was below the mean on 13 days, and above on one iaj 
only. The total amount of the differences for the 17 days of maxi- 
mum was -ff per day ; and for the 14 days of minimum ^. 

On proceeding to examine the observations for the saoceedioc 
years it was found that they could not be represented by a period ol 
31 days. It appeared, therefore, at first sight, that the period which 
had been obtamed for 1848 was merely accidental; but* guided 
partly by conclusions drawn from his variable-btar investigations, and 
partly by the high degree of improbability that the results for 18^ 
could be due to mere accident, the author was led to think that the 
period he had found for 1848 might be variable, gradually dinounishhig 
lor a series of years, and afterward gradually increasing, to dimiuiih 
again when it had completed its cycle of change. Assuming, there- 
fore, that in every year periodic cnanges took place in the magnetio 
activity of the sun, the author proceeded to determine for cacEyear 
the most probable approximate value of the period, and he obtained a 
series of values gradually diminishing till 1856, when the period mi 
only about 23 days, and afterward rapidly increasing until, in 1859, 
it amounted to about 32 days. A glance at these results at once fo^ 
gested the idea that the variable period thus found was in some war 
connected with, and dependent upon, the ereat solar-spot period, 
the minimum value occurring in the year of mmimum frequency of the 
solar spots, and the maximum values in the years when ^e fpoU 
were most numerous. 

Several series of thermometrical observations were now ezamined 
for indications of periodical changes in the element of mean daO^ 
temperature, and it was found that tliey exhibited, with unexpected 
distinctness, changes in this element occurring also in a variable 
period, the range of variation being, however, somewhat less than ia 
the case of the magnetic element, tuthough the times of maximum and 
minimum were almost exactly the same. The mATimntn ^j^d, " ' ' ~ 
TMlaes were respectively 31 and 1%^ da^'a* 
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A tAlile is ^ven showing the number ordars included in the maxi- 
mum autl tniaimuni portions of each mean [leriod for the years ISM to 
lS-)(), anil the number of exceplionnl day.t, or those on which durius 
ihu maximum put of the period the temperature vn* beioa, and 
during the minimom part ahoee, the mean value. From tlih) table it 
appears that out of a total nuiuber of Itio days of mosimum, onlj 14 
WL're exceptional ; and out of a total of Itj-lj days of miuimmn, the 
numbvr of exceptional days was only 16. The mean givus a ratio 
KlmuHt csautly as 1 to 11. Conaidering that the values of the period 
iu the different ^'eara are only approximate, this resolt may be r»- 
gonled as affording satislactory proof of the existence of a variable 
period of temperature. 

At St. Petersburg the average temperature oftlie wanner half of the 
period ia not less than 3-* greater than that of the cuoler half; aud as 
thig differenee of temperature is repeated at kast 12 times in overy 
yvar, it must neceasarily exercise a powerful modifying iotluonuc over 
DUny meieorologicak phenomena. 

Another period of cliange having a mean duration of rather over 18 
nonlhs.islhcn referred to. Thcauthorwoa Arstled toitfroma diseus- 
■lon ofthe Greenwich Magnetical Observations, (or the years 184B to 
l^l> ; and it has been conhrmed by the results of a diainission of tem- 
perature observations, made at Brussels in Europe, and at Yakoutsk, 
in Asia. It is obvious that this period will, at times, interfere eeusi- 
bly with the shorter one, and it is probable that some of the casca 
which have been ealliid exceptional may be duo to this interference. 
With regard to the probable cau.ie of the variability of the short 
period the author auggeats the following hypothesis : Ist. That a 
ring of nebulous matter exists differing in density or constitution in 
different parts, or several masses of such matter lonning a discontin- 
uous ring, circulating round the sun in a plane nuarly coincident 
with the plane of the ecliptic, and at a mean distance from the aim, of 
about I of the radius of the earth's orbit. 

2d. That the attractive force of the aun on the matter of this ring 
is allemalely increased and diminished by the operation of the forces 
which produce the solar spots, being greatest at the times of minimum 
soUr-tpot frequency, and least when the spots are most numerous, 
'M. The attrOL-tive force being variable, the dimensions of the rin^ 
an<l its period of revolution round the sun will also vary, their nuuti- 
muni and minimum values occurring respectively at the times of 
oiaxiumm and minimum solar-spot freijucncy. 

In reference to the nature of the varymg attractive force, it is not 
improbable that the matter of the supposed ring may be highly dia- 
magnetic, and being much nearer to the sun than any of the known 
niauuts, of much greater bulk and tightness, and being subjucUtd to a 
much higher teinperaCure, it will be very sensibly affected by the 
clianges which take place in the magnetic condition of the sun ; and 
when interposed between the earth and the sun, it may act not onlr 
by reflecting aud absorbing a portion of the light and heat whicn 
would otherwise reach tlie earth, but also by altering the direction of 
the lines of magnetic force. The changes of temperature at the sur- 
face of tlie earth will thus be due partly to differences in the amoiiat 
of heat received from tlte sun, and partly to cWigot v& \^ taiy(«^ 
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meiits of tlio f^at currents of the air produced bj altentioiis in the 
eartli^s magnetic condition. If tho larger part of the difforenoe of 
temperature is due to the latter mode of action, we might expect that 
during the w.innor half of the period the mean direction of toe wind 
at any given station would be sensibly different from that during the 
cooler half; and also, that the epochs of maximum and minimuA 
temperature would not be the same at all parts of the earth^s surfaoo. 
Both of these conclusions are borne out by the results given in the 
paper. Thus at St. Petersburg, in 1859, the mean direction of the 
w.nd on maximum days was S. oi° W., and on minimum days 8. 73^ 
W. or 1<J° more to the west of South ; and at Sitka, on the Northwest 
Coast of North America, in 18<>1, the mean direction on maadmoiB 
davs was S. 32^ W., and on minimum days S. 66^ W., the difference 
being 24^. As striking instances of the differences in the epochs at 
distant stations, it may be stated, that in 18o9 the epoch of maximum 
at St. Petersburg corresponded precisely with the epoch of minimoiA 
at Madras; and that at Pekin, m 18ol, the epoch of minimum Was 
exactly coincident with the epoch of maximum at Sitka. 

Changes in the amount of heat received from the sun, sufficient to 
produce the variations of temperature observed at any given station, 
would no doubt affect the movements of the great currents of the at- 
mosphere, though not to the extent indicated by the observations; 
but It is difhcult to conceive that they could produce the differeaoes in 
the epochs which are found to take place. We may therefore £iirly 
conclude that the action of the supi^sed rin^ of nebulous matter 
is principally of a magnetic, and but slightly ol a thermal character. 

Adopting, for the present, the maximum and minimum values of 
the temperature period as bein^ determined with greater accuracy 
than those of the magnetic period, the greatest and least values of the 
sidereal i>eriod of revulutlon of the ring will be 29*12 and 22*08 dajs 
respectively. From these numbers we find that the greatest distance 
of the ring from the sun is 0'18o, the radius of the earth's orbit being 
taken as unitv; the least distance, O'lo4; and the mean 0'16U. 
Taking Mr. ifind's value of the mean distance of the earth from the 
sun, namely, 91,:$28.0i)() miles, we liave: Greatest distance of the 
ring, 10/J2 1,000 miles; least distance of the ring, 14,008,000; mean 
distjiiice of the ring, 15,494,500; and the range of movement to and 
fro m a railial direction, 2,85i),<X>0 miles. The greatest attractive 
force of the sun on the ring being taken as unity, tho least will be 
0*091. The difference is tlieref'ore nearly k of the maximum amount. 
It will be evident tliat tliis difference may be re<j;arded as a measure 
of the forces wliich are concerned in the production of the solar s^iott. 

The results of the elaborate invesiigtiiioas of ttie motions of the planet 
Mercury, made by Leverricr, led that accomplished mathematicun to 
attribute a ceriuin unexplained excess in the motion of its perihelion to 
the action of a disturbing body circulating round the sun within the orbit 
of Mercur)' ; and, from a discusHion of the probable mass of the disturbii^ 
body, he concluded that it could not lie concentrated in a single phuicCi 
and that it consiHtcd of a ring of small bodies similar to that wbidi ii 
known to exi^t l)etween the orbits of Mars and Jupiter ; and it is ifl^ 
markaUe that the mean distance, which he seemed to regard as the mo4 
pndable, !s precisely that which Uic auxVioi V^aa IcMSksi toe the ring d 
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nebulous matter, whose existence he hos assumed to account for the 
phenomena described in his paper. This unexpected and unlooked-for 
agreement between results arnved at from considerations and by methods 
so totally different, seems to establiiih the existence of this ring with auite 
as much certainty, as the results of the profound researches of Adams 
and Leverrier established the existence of Neptune before that pi met 
had been actually seen. This ring, however, owing to its proximity to 
the sun, may never be seen, and, like the dark companions of Procyon 
and Sirius, it may only be known to us through its action on the other 
bodies of the system ex which it forms a parL Should future researches 
place its existence beyond doubt, this will, it is l)elieved, be the first 
instance in which the conclusions of physical astronomy have been con- 
firmed by the results of an investigation of magnetical and meteorologic il 
phenomena. Whether, however, the hypothesis which the author has 
Teiitured to put forward be accepted or not, it is now very evident that 
obierrations of solar phenomena merit a much larger share of attention 
than has ever yet been devoted to them. It has long been suspected that 
the same causes which produce the spots on the sun's disc must in some 
w.iy have an important influence on the phenomeni of our own atmos- 
phere. The fiiots now given, convert this suspicion into a certainty ; and 
It is perhaps, not too much to say, that meteorology can never take rank 
an a true science while our knowledge of the sun remains in its present 
imperfect state. Moreover, there is little doubt, that many questions of 
high physical interest depend for their solution upon our obtaining a 
more intimate acquaintance than we yet possess with the operations 
which are going on in the great center of our system. 

TELEGBAPHOG BY MAGXETO-ELECTRIC HACHIXES. 

We copy from the Waahington Chronicle the following communica- 
Uon, apparently furnished by the well-known electrician, Dr. Page :— 

••The intrtxluctory report of tlie Patent Oilice for 18G3 ventured 
upon the following anticipation : ' It is not too much to say that the 
days of telegraphing by the galvanic battery are numbered, and that 
the magneto-electric machine will erelon<; take its place for this as 
well as for many other purposes.' At that time it was well known 
that the magneto-electnc machine was successfully working Beanls- 
lee^s dial telegraph ; but we witnessed, on a recent evenin<;, tlic ex- 
traonlinary feat of working the Morse telegraph, between Washinjj- 
ton and New York, with one of Beardslee's little magneto-electnc 
machines, occupying space less than a cubic foot. The corn'spond- 
cnce was kept up over the People's Lino with perfect ireedom ibr 
more than an hour, and the Morse operator rattled off the messages 
as if he were perfectly at home. The sound of the instrument is 
musical, differing from that of an ordinary receiving magnet. The 
Commissioner's Report alludes to the firing of gTmi>owder through the 
distance of one hundred miles by means of this little machine, but 
on the night in question we fired gunpowder in New York, a distance 
of two hundred miles, and the operators there fired gunpowder in 
Washington with perfect ease by tiie same little machine used to work 
the telegraph. It was a perfect success, and one of the most iutcr- 
csting and splendid acLicvemoDts of modem bcicucg. li \k<(^ ^^S^kaxsias^ 
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cablo is ever laid, this seems the power destined to work it. Surdj, 
' the days of tlie galvanic battery seem to be numbered/ 

'* The invention above referred to is thus described by Commissioo- 
er HoUoway in his Report ; — 

"Conspicuous among the inventions which have received the sino- 
tion of letters patent is a magneto-electric telegraph, now in extensin 
use in the United States Army for field purposes, and elsewhere foroi^ 
dinary telegraphic purposes. This is a signal triumph in electr»- 
meohanics, for by the motive power of a small magnoto-electric ma- 
chine, occupying less than a cubic foot, a dial or index telegraph it 
operated througn great distances, from 5 to 200 miles, with the pro** 
pe(rt of greater and indefinite extension. It was found with the Atlan- 
tic telegraph, in 1858, that alternating, or to and fro currents, wen 
indispensable to its operation, and the magneto-electric machine of 
the telegraph before us has the peculiar movement of normal to and 
fro currents in rapid succession, without any extra contrivance for 
their production, this condition growing out of the very arrangement 
of the magnetic poles and helices. The operators for this telegnph 
rcfpiir(> no trainin*^, and any person who can read can telegraph, fxir 
the Morse tclegrapli two or three years of training are required. It 
is not liable to piracy by tapping, as is the Morse telegraph, and may 
be justly regarded as the inauguration of a new era in telegraphy, by 
dispensing witli the cumbersome, uncleanly, unhealthy, and inconstant 
galvanic battery as the motive power, and the introduction of a simple 
and economical telegraph, adapted with equal facility to domestic 
and public puq)08es. It is not too much to say, that the days of tele- 
grapliing by the galvanic battery arc numbered, and tliat the* magneto- 
electric machine will erelong take its place for this, as well as for 
many other purposes. 

** Another higlily interesting development in magneto-electric scienoft 
is the discovery and application of a new mode of ignition for pur- 
poses of blasting with powder. Ilitlierto torpedoes and other powder 
blasts, fired by electricity, have depended upon the ignition of a veiy 
fine platiniun wire. When this had to be done through long circnits, 
or at gn;at distances, very large and expensive galvanic batteries were 
required, owing to the (p*eat diminution of the qiiantity of olectridty. 
It was proved by expenments made at the Capitol many years since, 
that 100 pairs of Grovels batter}' were necessary to ignite powder Iff 
tlie finest of platinum wires placed in the telegraph circuit between Bal- 
timore and Washington, a distance of 40 miles. By means of the nev 
discoveiT, powder has been fired through the distance of 100 miles br 
means of a little magneto-electric machine, occupying less than a cubie 



foot. This astonishing achievement has been accomplished by 
so simple that electricians will wonder as much, if not more, than the 
uninitiate<1. It is done by a pencil-mark. The stroke of a conraioo 
black-lead pencil on a block of wood is substituted for the platinoii 
wire, and tliis disintegrated conductor, as it may be called, is so in- 
tensely ignited by the magneto^lectric current as to set fire to tin 
wood. 

**Thc application of this ingenious device within a snitably-pre- 
parcd cartridge, will be hailed as one of the most valuable contHbo- 
iioas to mining and engineering op^raXloi^a oC \lb^« i^Toauut day.^ 
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PK03B&SS OF TELEaaAPHI;: COSaXttOCTlOS. 

While citiEena of ibe United Suites are en-jAged upon the great enter- 
prise of constructing a line of tel^graiih tn Europe va Behring'ii Stiiiila 
aiiil ibe Amoor, the Hritinh government are pushing tEirir great project ut 
connecting London and Caleiilla with the elGCtric wire, to a iipeedy ctniclu- 
■inn. Telegraphic communication hin existed for ta>o or three year* be- - 
tween L')ndon and Coo'tantinoiile, and about tlie mmc time ngo a cihle 
-WIS laid down through the Red Sea, between Suez and Aden, a di^tiinoa 
of 3,00(1 miles, intended to cnmplete the link between Europe and India, 
Iwt it aubaequently failed. Eeeently, however, a cable hn* lieen Huccess- 
fiiUy submersed through the Per^n Gulf, which with the exception of 
I(JU miles of land line, between Diwanyeh, on the Euphrates, and the 
Shot^-Arah, the oestcnt termini of tlte Persian Oulf cable, completes 
the throu<{h telegraphic communication from the Thameti to the Gmi^cv 

The diflWQce from CunsWntinoplE to Pao, at tiie mouth of the Shat-el- 
Arab on the Per^dan Gulf, through which the line will pass when the 
^['intific Arabt and the healthy season will permit iti safe construction to 
Diwanyeh, is 1,570 mileii, and pawies through the followinjt im|K)rlant 
towns, Scutari, Angora, Diarbekir, Mossul, B.igdad, and Diwanyeh. From 
Fao to Kurrachee, the suhmarine cable stretcheji along the boiiom of the 
Fenian Gulf for I ^00 miles, and 5IK) miles farther carries it across a por- 
tion of the Tlritiiib- Indian empire to Bombay. 

The eastern terminus of the Turkish line lor the receipt of messages, is 
ftt present at Bagdad, and the only coniniunication with Fao U by nay of 
the Tigris, by one British and two Turkish steamers, which run regularly, 
occupying from five to six days In the passage up the rirer, and 2i down. 

Anoiher route from EagUnd to India, in connection with the Persian 
Rulf cable, pasHea through Russia by w.iy of Tillia to Teheran, thence to 
Ispahan and Shiraz, and joins the cable at Dushire. As the line running 
through the MontiSc onuntry, when completed, can sciroely be depended 
upon, owing to the relations exisling between the tribes, who are very 
powerful and warlike, and the pasha of Bagdad, ag.iinst whom they have 
riien in rebellion, the British government have contract!^ for tKe con- 
struclioii of a line which, effeciing a oonKiiterable detour, will avoid the dif- 
lurlied district completely. This wire is to pass from Bushirc, on the 
I*cni:in Qulf. where the cible lands before starling 170 miles further, to 
its terminiw at Sh3l-el-Anib, via Kaieroor, Shirait. Iipihnn, Teheran, 
n -d Khiiwikeen lo Bjgdad, the distance between Bushireand Kluinulieea 
being iihout 1,100 miles. 

The Iiidiin telegranh-s, which ivinnpct together Cjlcutta. Boiilmy, 
Mndra<, Delhi, and all the principal towns in India, are now advanced 
e LStward as f:ir as Rangoon ; and the ro ites thence to China and to Aiiitr.i* 
lia, by way of Singapore, Java, and Timor, are said lo be almwt enlirrly 
in compnntively shallow water, so far as the subtnnrine put of the line 
Is concerned, and do not otherwise olTer anj dilhculty which should pre- 

Irant iastanlaneous communicatioo between London, Hong Kong, Mel- 
bourne, and Sidney. 
When the Atbnlic cable and the Busman line are succo^fully in ot>- 
intion, wesliallhave two sep irate roules lo China and Indin. — lo ...e 
bUar via Loudon and Constanlinopte, via Si. I'etcr-bur^ and Telu.'Rin; 
Ed to the former viu B'issialine from Irkoulskin Sihcrv^ V) Vc^Lai,axA 
■h the Porsiau S"^f able and Lidi^ ViT 
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ON THE MECHANICAL PROPERTIES OF THE ATLANTIC TELEGRAPH 

CABLE. 

At the British Association, 1864, Mr. Fairbaim, the celebrated 
English engineer and scientist, read the following paper on the aboffl 
subject : — 

It appears that the Atlantic Telegraph Companjr, considering it 
essentisi to the public interest that the second attempt to submerge t 
telegraph cable across the Atlantic should not be Icrt to diance, ind 
that a close and searching investigation should be entered npon, ind 
that nothing should bo left undone that could be accomplished to 
insure success, sought the advice of a committee composed of men of 
eminence and experience in the various branches of science and en- 
gineering involved in such an undertaking to advise the Companv in 
we selection of a cable. For the satisfactory attainment of tfaii 
object it was considered necessary, in the first place. To determine 
by direct experiment the mechanical properties of cables submitted 
for submergence in deep water; 2d, lo ascertain the chemical prop- 
erties of the insulator, and the best means to be adopted for the 
preservation and duration of the cable ; and 3d, To determine the 
electrical properties and conditions of the cable when immened, 
under pressure, at great* depths. On the author of the paper de- 
volved tlie duty of undertaking the first division of the inquiry, viz : 
to determine, by actual experiment, the strengths, combinations, 
forms, and conditions of every cable considered of suitable strength 
and proportion to cross the Atlantic. A laborious series of experi- 
ments was instituted, and, in order to attain accuracy as regards the 
resisting powers of each cable to a tensile strain, they were broken 
by dead weights, suspended from a crab or crane, by which they could 
be raised or lowered at pleasure. The weights were laid on one cwt. 
at a time, and the elongations were carefully taken and recorded in 
the table as eoKh alternate i cwt. was placed on the scale until it 
was broken. By this process we wore enabled to ascertain with 

freat exactitude the amount of elongation in seven ft. six in. 
'he result of the investigation was, the selection of the cable of 
Messrs. Glass & Elliott, which stood highest in order of strength. 
In this inquir}', upwards of 40 specimens of cables have been tested 
in their finished state, and this might have been sufficient for the 
Committee to determine the best description of cable ; it was. how* 
ever, deemed advisable to investigate still further, not only the cable 
as a cable, but to t(*8t experimentally each separate part, in order 
tiiat every security should he afforded as to the strength and quality 
of the material to be employed in the construction. With regard to 
the covering wires, constituting the principal strength of the cable, 
Mr, Fairbaim finds that with proper care in the selection of tlie ma- 
terial in the first instance, a judicious system of manipulation in the 
second, and a rigid system of inspection of tlie manufacture, a wire 
of homogeneous iron *095 inches diameter can be made of strength 
suffitient to sustain from 900 to I,000 lbs., with an elongation of '0UG8, 
or fuVoT P&rts of an inch per unit of length. This description of 
iron appears to be the most suitable for the Atlantic cable, as it com- 
bines strength with ductility, and may be produced at a comparative^ 
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moderate call. It wsa also foiia:! desirable to test tlie wnarata 
etrauJs o( eavh cable as well as tliu wims Uiuiiuui*us. Fur this pur- 
pose a number of xtraiida aimilar to thodc employed id tlio manuru- 
ture of the different tables wuro produced, oitd tho l«iuile breaking 
■train and clon-rstioni carefully observed and recorded. In order to 
ascertain whetber tlie lengtli of tbe lay of the hemp and Manilla 
round tbe stninii was uf tliat tipiral forui wbicb (iniducGil a inaxuauiu 
of 3trcii;;tb, the yam separated from the strand was also testud. otid 
comparing the sum of the breaking strains of tlic wire and yarn nep- 
arolely, with that of tho two in eombination iu the strand, the objeet 
by tbese means was approximately obtained. Another very iinpur- 
lant question ansca in the construction of thia cable, and that is, the 
■irenKth uf the core and its coudut-tiog wire, and how it is to l>e pro- 
tected under a pressure of 7,0U0 lb. to H.UUO per si]uani int-'h. wlien 
lodged at the bottom of the ocean. This appeared a ijucsdon welt 
entitled to consideration, and provided a properly innulated wire, of 
one or moro strands, can, without any exterior covering, be deposited 
wilb tafiity at these great depths, it b obvioua that the simpler the 
cable the better. Assuming, therefore, that gulta-pereha in the oKist 
desirable material that caa bo employed as no insulator, it then re- 
solves itself into the question, what additional uuvering and wlial 
additional strength is necessary to enable tbe engineer so to pay out 
ol the ship A length of 2,600 miles, into the deepest water, as to 
di'poait it, without strain, at the bottom of tho ocean 7 This is the 
question tbe Committee hod to solve, and for this very important 
objuct experiments were instituted. Regarding the eircumatanccs 
bearing directly upon the ultimaM streugtb of Uie cable, tho Com- 
miliL'e havoanivcd al the conclusioD that the cable No. 4li, composed 
of bomogeneons wire, calculated to bear not leas than from S5U lb. to 
l.OUO lb. per wire, with a stretch of I'lf of an inch in !iti inches, is the 
most suitable lor the Athmtic cable. The following is tbe specilicar 
tion of No. 46 cable : The conductor consistii of a copper strand of 
seven wires (six laid round one), each wire gauging 'O-is (or No. 18 
of the Birmingham wire-gauge), the entiru strand gauging '144 inch, 
(or No. lU Birnjingham KBugc), and weighing UOU lb. per nautical 
mile, imbedded lor solidity in the composition kuownas '*ChattertoiL'a 
i.*uuiiK>uiid." The insulator consists of gutta-percha, four laycn uf 
which are laid ou alternately, with four thin layers of Chatturton'a 
c< impound, making a, diameter of tbe core of *46'1 inch, and a circum- 
(.rvnie ol* laSi inches. The weiabt of tbe entire insulaUir i^ 400 
lb. JILT nautili mile. Thecxtemafproteii'lionisln twoparta. Fimt, 
the core is surrounded with a padding of suH jute yam, saturateil with 
a preservative mixture. Next to this padiling i» the protective cov- 
ering, which consibls of ten solid wires of tho gauge -ffJS inch, drawn 
fivia homogeneouB Iron, each wire surraundcd. separately with Hve 
Birand:< uf Manilla yam, gaturated with a preservative compound; 
till' whole of the ten strands thus formed of tbe lieuip and iron being 
laid spirally round the padded core, Th^ weight of^this cable in air 
is 04 ewt. per nautical mile, — the' weight iu water Is 14 cwt. per n«tt- 
ticol mile. Tbe breaking strain is 7 tons locwt.,ore(|ual to II dines 
its weight per nautical mile iu water. — that is to say, if suspended 
[tcrpeodiculariy, it would beoi' its own weight in LL viUka tlv:^tlxiA 
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water. The deepest water to be encountered between Ireland and 
NewfoundUnd is about 2,400 fathoms, and one mile being equal to 
1,014 fathoms, Uierefore 1,014X11=11,1'>1,. and 2-400=t-r)4: the 
cable having thus a strength equal to 4*64 times of its own yertical 
weight in the deepest water. 

ON CKLBSTIAL DYNAMICS, BT DB. J. B. JfAYEB. 

The movements of celestial bodies in an absolute vacuum would be 
as uniform as those of a mathematical pendulum, whereas a resi:fting 
medium pervading all space would cause the planets to move in shorter 
and shorter orbits, and at last to fall into the sun. Assuming such a 
resisting medium, these wandering celestial bodies must have on the 
peripher^r of the solar system their cradle, and in its center their 
grave ; and however long the duration, and however great the num- 
ber of their revolutions may be, as many masses will on the average 
in a certain time arrive at the sun as formerly in a like period of time 
came within his sphere of attraction. All these bodies plunge with a 
violent impetus into their common ^rave. Since no cause exists 
without an effect, each of these cosmical masses will, like a weight 
fdlling to the earth, produce by its percussion an amount of heat pro- 
portional to its vis viva. 

From the idea of a sun whose attraction acts throughout space, of 
ponderable bodies scattered throughout the universe, and of a resist- 
ing ether, another idea necessarily follows, — that, namely, of a con- 
tinual and inexhaustible generation of heat on the central body of 
this cosmical system. Whether such a conception be realized in our 
solar system, — whether in other words the wonderful and permanent 
evolution of light and heat be caused by the uninterrupted tall of cos^ 
mical matter into the sun, — ^will now be more closely examined. 

The existence of matter in a primordial condition moving about in 
the universe, and assumed to follow the attraction of the nearest stel- 
lar system, will scarcely be denied by astronomers and physicists ; 
for the richness of surrounding nature, as well as the aspect of the 
starry heavens prevents the beuef that the wide space which separates 
our solar system from the regions governed by the other fixed stars 
is a vacant solitude destitute of matter. We shall leave, however, 
all suppositions concerning subjects so distant from us both in time 
and space, and confine our attention exclusively to what may be learned 
from the observation of the existing state of things. 

Besides the 14 known planets with tlieir 18 satellites, a great many 
otlier cosmical masses move within the space of the planetary sys- 
tem of which the comets deserve to be mentioned first. 

Kepler^s celebrated statement that ** there are more comets in the 
heavens than fish in the ocean, ^^ is founded on the fact that, of all the 
comets belonging to our solar system, comparatively few can be seen 
by the inhabitants of the earth, and thercibre the not inconsiderable 
number of actually observed comets obliges us, according to the rules 
of the calculus of probabilities, to assume the existence of a great 
many more beyond the sphere of our vision. 

Besides planets, satellites, and comets, another class of celestial 
bodies exists within our solar -system. These are masses which, on 
Mccouat of their smallneas, may be consideT^ tia covis^^saiX «Xx>\n&^ ^sA 
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iriucli Ar*go lias npproprifttcty caUgiI aatcroiils. Thev, like the nloneU 
Biiil Hk (■inofte. Atv ^(iv<.'rac<l liy gravity, and niovo la elLptipal orbils 
rounil Uie sun. Wlien at'i'idt^iit brings tlieio into llio immctliate 
Di'igUiorluKxl of till: L'artli, ibcy produce tJie pbcriocuenB ofshooting 
Btira anil lireljitlli. It Fms betn sliown, by repeated ubacrvatioa, that 
OD t brifjht night twenty ininuleB Bcidum elapse without a sbixiting' 
liar being visible to an observer in any situation. At certain timea 
these me teon are oliserved in astonisbin^ly great nuinbcrsi during 
xhe great AnienL'an meteoric sliower, whiefi tasted nine hoars, when 



tlicT were said to fall, "erowded together like soowlUkes," tlicy w 
das at least 240,000. On tlie whole, the number-'— " 



wbieli eoine near the earth !n the spaee of a year must be ijomputed to 
be many thousands of millions.* This, without doubt, is only a small 
frai-tion of the number of asteroids tlmt move round the »uu, nhich 
number, aciHirding to the rules of the calculus of probabilities, ap- 
proaches inlluity. 

As has been already stated, on the existence of a resisting ether it 
depcnils whether the celestial ImcUcs, the planets, the comets, and tlio 
■Meroids move at constant mean distaneea around the sun, or whether 
they are rooetantly approaching; that ceotpal bmly. Scientific men do 
not doulil the existence of ludh an etlier. Littrow, amongst others, 
eiLpresaes himself on this jtoint as follows; *'11ie assumption that 
the planets and comela move in an absolute vacuum can in no wav be 
admitted. Even if the space between celestial bodies contained no 
olbcr matter than that necessary for the existence of light (whether 
liglit be considered as emiaaion of matter or the undulationa of & 
univenal ether), this alone is sufficient to alter the motion of the 
planets in the course of time and the arrongcioent of the whole sys- 
tem itEtlf ; the fall of all the planets and the comets into the sun and 
^"^B destrutTtion of the present state of the solar system must be the 
Id rcaah of this action." 

A direct proof of the existence of siu-b a reai.iting medium has been 
JBhInnI by the academician ELncke. Ho found that the comet iiaiucd 
Srhim, which revolves round the sun in the short space of 1,207 
1, shows a r^ular acceleration of its motion, in cozisequence of 
~b tb« time ofeacii revolution is shortened by about six hours. 
Om the great deoii^ and magnitude of the planets, the ahortcn- 
V of tbe diiuneters of Uieir orbits proceeds, as midit be expected, 
ij slowly, and is up to the present time inappreciable. Tlic smaller 
Ecosmical masses are, on the contrary, ottier cireuuistances retuain- 
'* ), the faster they move towards the sun : it may llierefore 

, , in a space of time wherein the mean distance of the cortU 

fnmi the sun would diminish one meter, a snutll asteroid would travel 
more than l.OUO miles towards the central body. As eosuiieal 
masses stream from all sides in immense numben towards tlie sun, 
it follows that they must bei'onic more and more crowded tosether 
as tbcy approach thereto. The conjecture at once suggests ilseirUiat 
the zodiacal li^ht, iJio ncbuhnis light of vast dimensions wliich sur- 
ruuada the auo, owes its origin to such closely packed asteroids. 
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Howerer it may be, this mnch is certain, this phenomeiiOQ it canfed 
by matter which moves) aocordins to the same laws as the planets round 
^e sun, and it consequently follows that the whole mass which ori^ 
nates the zodiacal light is continually approaching the sun and falling 
into it. 

This lig^t does not surround the sun uniformly on aU sides ; that 
is "to say, it has not the form of a sphere, but that of a thin convex 
lens, tlie greater diameter of which is in the plane of the solar equator, 
and accoraingly it has to an observer on our globe a pyramidal form. 
Such lenticular distribution of the masses in the universe is repeated in a 
remarkable manner in the disposition of the planets and the nxed stars. 
. From the great number of cometary masses and asteroids and the 
sodiacal light on the one hand, and the existence of a resisting ether 
on the other, it necessarily follows that ponderable matter must con- 
tinually be arriving on the solar surface. The effect produced by 
these masses evidently depends on their final velocity ; and, in order 
to determine the latter, we shall discuss some of the elements of the 
theory of gravitation. 

The final velocity of a weight attracted by, and moving toward, a 
celestial body will become greater as the night through which the 
weight falls increases. This velocity, however, if it be only produced 
by the fall, cannot exceed a certain magnitude ; it has a maximum, 
the value of which depends on the volume and mass of the attracting 
celestial body. The author then by a series of calculations, shows, 
that an asteroid falling into the sun, would on arriving have a mo- 
tion at least as great as that of a weight falling freely to the sun from 
a distance great as that of the solar radius, or 96,000 geographical 
miles ; and that the calorific effect of the percussion would equal to 
from 27i to 65,000,000 of degrees of heat. 

An asteroid, therefore, by its fall into the sun, develops from 4,600 
to 9,200 times as much heat as would be generated by the combustion 
of an equal mass of coal. 

[ Throughout this memoir the degrees of heat are expressed in the 
Centigrade scale. Unless stated to the contrary, the measures of 
length are ^ven in geographical miles. A geographical inile=,|^ of 
decree of latitude=l,878 meters, and an Enghsh mile=l,609 meters.] 

Vkt UecU of the Sun. — ^The question why the planets move in curved 
orbits, one of the grandest of problems, was solved by Newton in 
conserjuence, it is believed, of his reflecting on the fall of an apple. 
This stoiT is not improbable, for we are on 3ie right track for the dis- 
covery of truth when once we clearly recognize that, between great 
and small, no qualitative but only a quantitative difference exists, — 
when we resist the suggestions of an ever active imagination, and 
look for the same laws m the greatest as well as in the smallest pro- 
cesses of nature. This universal range is the essence of a law of 
nature, and the touchstone of the correctness of human theories. 
We observe the fall of an apple and investigate the law which gov- 
erns this phenomenon ; for tlie earth we substitute the sun, and for 
the apple a planet, and thus possess ourselves of the key to the me- 
chanics of the heavens. 

As the same laws prevail in the G;reateT as well as in the smaller 
processes of nature, Newton^s mctbod ma^ \)e >3A«dL Vsi w^nyew^^^ 
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Sroblem of the origin of the sun^s heat. Wo know the connection 
etwcen the space through which a body falls, the Telocity, the via 
OMMi, and the seneration of heat on the surface of tliis globe ; if 
we again substitute for the earth the sun, with a mass 3*50,000 
greater^ and for a height of a few meters celestial distances, we ob- 
tain a generation of heat exceeding all terrestrial measures. And 
since we have sufficient reason to assume the actual existence of such 
mechanit-al processes in the heavens, we find therein the only tenable 
explanation of the origin of the heat of the sun. 

The fact that the development of heat by mechanical means on the 
snrface of our globe is, as a rule, not so great, and cannot be so 
great as the generation of the same agent by chemical means, as by 
combustion, follows from the laws already discussed ; and this fact' 
cannot be used as an argument against the assumption of a greater 
development of heat by a greater expenditure of mechanical work. 
It has been shown that the heat generated by a weight falling from a 
h^t of 367 meters is only j^^ part of the heat produced by the 
combustion of the same weight of coal ; just as small as is the amount 
of heat developed by a weight moving with the not inconsiderable 
velocity of 85 meters in one second. But, accordint; to the laws of 
mechanics, the effect is proportional to the square of the velocity ; if, 
therefore, the weight move 100 times faster, or with a velocity of 
BJ600 meters in one second, it will produce a greater effect than the 
nomboation of an equal quantity of coal. 

It is true that so great a velocity cannot be obtained by human 
means; everyday experience, however, shows the development of 
high degrees of temperature by mechanical processes. In the com- 
mon flint and steel, the particles of steel which are struck off are 
sufficiently heated to bum in air. A few blows directed by a skill- 
ful blacksmith with a sledge-haimner against a piece of cold metal 
mar raise the temperature of the metal at the points of collision to 
rooness. The new crank of a steamer, whilst being polished by 
friction, becomes red-hot, several buckets of water being required to 
cool it down to its ordinary temperature. When a railroad train 
passes with even less than its ordinary velocity along a very sharp 
cnrve of the line, sparks are observed m consequence of the friction 
against the rails. One of the grandest constructions for the produc- 
tion of motion by human art is the channel in which the wood was 
allowed to ^de down from the steep and lofly sides of Mount Pila- 
tos into the plain below. This wooden channel which was built 
about thirty years ago by the engineer Rupp, was nine English miles 
in length ; the largest trees were shot down it from the top to the 
bottom of the mountain in about two minutes and a half. The mo- 
mentum possessed by the trees on their escaping at their journey's end 
from the channel was sufficiently great to bury their thicker ends in 
the ground to the depth of from six to eight meters. To prevent 
the wood getting too hot and taking fire, water was conducted in 
many places into the channel. 

Tnis stupendous mechanical process, when compared with cosmi- 
cal processes on the sun appears infinitely small. In the latter case 
it is the mass of the sun wiuch attracts, and in plaiec oi Xh^ Va^\. c^C 
M6aai FilMtat we bAve distances of 100,000 and mort^ \s^q&\ ^^ 
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AEtXUAL OF SClfiXriFIC DISCOTEBT. 

unount of heat gcocrateil bv coamlcal falls is tbercfore U l«*it 
g.OOU.UOO licii's grcali-r llian in our U'lrcslrial cxanipti-. 

Bays of beat ou paasiag tliroush glass aud oilier tnuuparunt bodict 
uutlcrgo partial absorption, wLicb JiSers in degree, however, accord- 
ing to tb(! tctnpcrature of the source from wLich the heut is ihiiTcd. 
Iltat radiated Iroin sources h-at nanu than boiliog wat«r is aliuoit 
completely stopped by thin plates of gloss. As the tempcmturc of a 
source of heat mercascs, its rays pass more copiously through diatber- 
mie bodies. A plate of glass, lor cxaiDpte, weokuus (be nya of ■ 
red-hot substance, even when the latter is placed very dose to it, 
much more tlian it does those emanating at a niucb greater distatm 
fn>m a white-liot body. If the quality of the suii's rays be examiaod 
in ibis respect, tbeir dialhurmic energy is found to be for superior to 
that of all artiticial sources of heat. The temperature of Uic focus 
of a concave uiclallic rcdcctor in which the sun's light has been col- 
lected is only dintinisheJ from \ to \ by the interpusition of a KTcen 
of glass, a the same experiment b« made with an artificial and 
luminous source of beat, it is found that, though the focus be ven 
hot when the screen is away, the interposition of the latter cuts on 
nearly all tlie heat; moreover, the focus will not recover ita former 
temperature when reflector and screen are placed sufficiently no«r to 
the source of heat to make the focus appear brighter than it did in 
the former position without the glass screen. 

The empirical law, that the diathennic energy of heat incrcaaea 
with the temperalure of (he source from which the heat is radiatvd, 
teacbes us that the sun's surface must be much hotter than the most 
powerful process of combustion could render it. 

Other methods furnish the same conclusion. If we imagine the snn 
to be surrounded by a hollow sphere, it is clear that the inner surface 
of this sphere must receive all the heat radiated from the sun. At 
the distance of our globe from the sun, such a sphere would have a 



IS of 315 times as great, and an area 4G,UU0 times as large, as 
■" -' ■ ■ . . -^ ■ " re, which n 



■un himself; those luminous and calorilic rays, therefore, which meet 
this spherical surface at right angles retain only ni^ part of t' ■''*" 
original intensity. 

O'it he further considered that our Btmosphero absorbs a part of d 
solar rays, it is clear that the rays which reach the tropica of vol. 
earth at noonday can only poseens from riSJ; to ntiV °'' *^ 
power with which they started. These rays wlien gathered from a 
surface of from five to six square meters, and concentrated in an area 
of one square centimetre, woutd produce about tlic temperature whkb 
exists on the sun, a temperature more than sufficient to vapoi' 
platinum, rhodium, and similar metals. 

A correct theory of the origin of the sun's heat must explain 
cttuse of such enormous temimratures. Tliis explanation can 
deduced from the foregoing statement. Ai-cordinc to Pouillet, 
temperature at which bodies appear intensely wliile-hot ia alMttt 
1,600° C. The heat generated by the combustiun of one Idlognun 
of hydrogen ia, as detenuined by Dulonc, il4,500, and according la 
the more recent experiments of Grsssi, ^,GG6, units of heat. OiM 

£rt of hydrogen combines with eight parts of axy^ii to fonm --— =■ 
lev one kilognm of these two gases mueiL in ti^ 11^ 
pivdiife 3,8i0°. 
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■ tiet ui non- compare thu heat iritb the amoant of tlic sime agent 
^^neratcil by the (all of an asteroid into the ana. Without takinz 
into nivount the low apccific Lent of such mitasca when cocnparcd wicB 
tluit of mit^?, wo lind the heat developed hy the asteroid to be from 
" " " 3 H.OllO timeg greater than that of the oxyhyilro 



tuiv in the focos of the reflector are easily accounted for. 

The fact* above mentioned show that unless wo ossutoo on toe sua 
the csistvoce of matU-'r with unheard-of chemical properties as a deut 
ex vtachinA, no chemical process could maintain the present high radi- 
ation of the sun ; it abo follows from the above results that the chem- 
ical nature of bodiea which fall into the Bun does not in the least affect 
our conclusions ; the cfii'ct produced by the mo^C iulLuumablo snb- 
stanee would not differ by j^fs part from that resulting from the f:dl 
of matter possessing but feeble chemical affinities. As the brightest 
aitiGdal light appears dark in comparison with the sun's light, so the 
D»in:liaiuctd ptoccsses of the heavens'throw Into the shade the most 
powerful chemical actions. 

The quality of the sun's rays, as dependent on his temperature, ij 
of the greatest importance to manidiid. If the solar heat were orig- 
inated by a chemical process, and amounted near its source to a tem- 
perature of a, few thousand degrees, it would be possible fur the li^ht 
to reach us, whilst the greater part of the more important caloriBo 
rays would be absorbed by the higher strata of our atmosphere and 
Uien returned to the universe. 

In consequence of the high temperature of the sun, however, our 
attnospbere u highly diathermic to his rays, so that the latter reach 
the surliu'e of our earth and warm It. The comparatively low tcm- 
persture of the terrestrial surface is the cause why the heat cannot 
tasily radiate back through the atmoaphcre into the universe. The 
atmosphere add, therefore, like au envelop, which is easily pierced 
by the solar rays, but which offers considerable resistance to the radi- 
ant hcnt eEcapiii^ from our eartli ; Its action resembles tlmt of a valve 
which allows a hquid to pass freely in one dircctiou, but stops the 
flow in the opposite. 

The action of the atmosphere is of the greatest importance aa 
Kgarcls cliuiotc and meteorological processus. It must raise Ibc uiean 
tcmpcntiire of the earth's surface. After the setting oJ" the sun, — in 
fjct, in all places where his rays do not reach the surface, the tem- 
[■cratnn: of the earth would auon be as low as that of the mtiverso if 
the atmosphere were removed, or it it did not exist. Even the 
uiwcrful solar rays in the tropics would bo unable to preserve water 
ui ita liquid stale. 

Between the great cold which would reign at oil thncs and in all 
pikcec, and the moderate warmth wluch in reality exists on our globe, 
Intennediate temperatures may be imagined ; and it is easily seen that 
the mean temperature would decrease if iJio atmosphere were to 
become more and more rare. Such a rarefaction of a volve'like act- 
ing atmosphere actually takes place aa we ascend higher and hit(hcr 
aliovu the level of the sea, and it is accordingly an4 neccwwrij 
i-j f,j g eomapoading diminutjon of teimQ ' "" 





This vrcll-knowQ (act of tUc lower mean temperature of p 
gruttei* altjtudo Lis ltd to the etnuigcst bvpotlu^si^s. Tlic sou s 
were not supi»u3ed to coutaiii nil tlie ciiuditiuiiK Tor wanuing a b 
bjt to set 111 motion the " Bubstuncu^' oC licit <Mut.'uiii!d lu tlui e: 
This ■•aubstanwj" of heat, cold when at rusl, wai attractoil I 
earth, nod was thereforo foutid in greaXur abimdjaoc ueu- the 
of tlie globe. Tliia view, it was thought, eipUiinod why thu w 
putrcr of the buq was bo much weaker at the top of a mount:! 
at the bottom, and why, in spite of his immense radiation, he n 
his full |M>wprs. 

This belief, which eBpecially prevails amongst imperfectly infoni 
peopla, and which will searoely ancomnb to uorrect views, ia dip 
eontraitictcd by the exccllcut cxpctuncuts nude by Pondlet at d 
out altitudes wiUi the pyrtieliomelcr. These experiments show tl 
everything else being c^ual, the geoeration of beat by tbc solar n 
is more powerful in higher altitudes than near the surfocu of c 

globe, and that consequently a portion of these rays is absoriiod o 
icir passage through the atmosphere. Why, in spite of tliis partial 
absorption, the mean temperature of low altitudes is nuveitlicleu 
higher than it is iu more devatcd posiUotis, is explained by tho DuSt 
that the atmosphere stops to a. far greater degree the colorifiu r, 
emanating from the oartu than it does those from the ai 
BKMAKKAJILE 



The Z(an^AiVe<7burnaI, Scotland, publbhesthefollowing 
B]iectLtig a curiou-t local disturbance nf the plumb-line, in the 
Cowhuhe, now under the procesti of inveaUgatioQ by Sir Henry Jama^ 
Supcnn ten dent of the British Ordnance Survey. It says : — 

Early during the preaent centun- the headland eastward of Porl 
on Cowhythe was visited by an officer of the Royal En^neer> with l] 
ccnilh sector, constructed for the Ordnance survey of this counlr]' by ti 
celebrated Rim-deii, and &om the ubservalionn midc with thut innr 
menl t') determine the btittide of the trijjonomctrical station there, it t 
f mud that the plumb-line, instead of being vertical, was cleflectednc 
w ird uf the xemlh and aouThward of the earlh'^ center fhlly 9" of a 
Ijt measure. Thin extraordinary mid unexpeclod result was viewed 
creil intivest by the scientilic world, especially by such as were employea 
by their respective goveroments in connection witii the detcrminatioa d 
tiie figure of the earth j and, by wuv of verification, a parly of the h 
cor|is, some 16 years back, furnished wiih a new zenith rector, dcE^ 
by the present Astronomer Royal, and conslnicted by Trougblon and 
S:ms, Tl>ited the same spot. More ob-tervation», and lo a greaternumba 
of stars, resulted in conHrming the firsi or earlier determination, and here 
the mjlter rested, merely as a suhject of occasional wonder to those con- 
cerned, till recently the Russian Eiii;ineerd, in prosecution of their nation ' 
■urvey, came upon a Bimilar anomaly in the nctghborbood of their ai _ 
capital, Moscow. On tracing it to its limit, which they have done ia] 
public-spirited and most creditdile manner, they concluded tLit H 
IS a vacuum, or a com[nrative vacuum, of a grrat many square mite . 
exfml, under the earth's surface in that country. To give some ideaof^ 
wiu'ch iKids to so slaltVing a cond\Mi«)ti, One iwiAet iSMq «; 
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• wiilp, deep pit wild ■ plummet RU'pendeil frnm its month al the ennlt'a 
mirfacc TliB |Jumli-line Hill lie voriical only when in ihe center ol'ltie pit 
(oraliaA, it is called in connection v!th mlne^). bceause it nill [here I'c 
ei)iuilly ulimetcl in everr dirwition. If c.nrried round tlis mde of the pit, 
the hne vill be w) deUe ted from the vertical at to c liiae all the \int^, if 
prmtueed upward", to meet in n jiolnt above the eartJi's irarf vce ; and ancli 
are the phenomena diicoTered bythegeodeticnleiifcineers of Russia. The 
pit, it 19 trne, u cloned at itg mouth, and no pluml>-line can be let down 
into it, but the apirit'levei. bcinj; alnnj's at right angles to tlie |.iumb-line, 
di'dnxen the fact an clenrly to the mind as the open yit would to the eyn. 
No*, whether the CowiiylJic deflection is to lje accounted for by n cnin[i ,r- 
ative vacuum on the n-Tth under the Momy Firth, or by Rome unknown 
m^iHKorexiraordiniiTj'deniutyon theaouth, or portly by IJoth, is the pruli- 
Itin to be Kolvcd, and. doubtFeas, it <vil[ ultimately be nolvtd liy the stalF of 
actronomieul obsei vers and computera under Sir Ilenry Jiime!i. The een- 
rra\ result of the invcslipptions thus far, may be /jriefly hlated hi bi^ a 
diminuiiun of the deflection as the observers proceed eouthwurdH, but 
how for it may extend is of course at present unknaitn. 

THEBAHOIIETEK AS AN ISDICATOB 0¥ THE BAKTH'S ROTATIOK. 
Mr. Pliny Earle Chaac, in a paper recently rend before the Ameri- 
CBQ Philoiopbieai Society — Oh tin Iloromeler at an Indicator of' the 
Eiirih^a notation and Ikt HiaCa DUtancei sets Forth tlie following 
views; The ejEtstence of daily barometric tidca has been knowu Ibr 
more than 160 years, but their causu is still a matter of dispute. ]t 
is cviilGnt that they cannot be accounted Ibr by variations of tempera- 
tare, Ibr Ist, their regularity ia not perceived until all the Imovn 
eflfeeta of ti^mperature have been eliminaieil ; 2(1, lliey ocuur in all 
cliiuatuii, aiidat bU acaions; Sd, opposite cffecta ore produced at dif- 
Ibrcut times, under the aanic average temperature. Thii9 at St. Hi'l- 
eua, the uuun of three yeans' liourty observation gives the fulluwiug 
avcrago barometric heights i — 
From C to la" 28-2»01 in. From IS"" to & 28-2838 in. 

■' 12* to (f 28-2761 *' " C to 18' 28-2784 " 

The upper Unus evidently embrace tlie coolest parts of the day, and 
die lower lines the wiumest. Dividine the day in the brut method, 
the barometer is highest when the thermometer is highcet; but in 
■he Ki'ond diriuon the high barometer prcvaila during the coulest 
half of the day. 

l>u nceount of the combined effects of the earth's rotation and rcvo- 
Inliun, cui'li panicle of air has a i cludty in the dirui'tion uf itn orbit, 
varying at tlie equator from about 6^,0U0 miles per hour, at noon, to 
O'.IXU milutt per hour, at uiidniglit. The force of rotation may be 
readily eumparcd with that of gravity by observing the effects pro- 
duced by each in 24 honra, the ilitcrval that elapses between two sue- 
cuMVti reUima of any point to the sauic relative position with the sun. 
Xhu UtTw of rotation producing a daily motion or24,89iJ milea. and 
the brce of terrestrial gravity a motion of 22,T£)8,90U miles, the ratio 
of Ihe former to tho latter is ^^AV^< "'' '^^^- Tliis ratio repre- 
•mts the proportionate elevation or depression oT the barometer 
r Iflbovu or below its uteAn height that bUuuuI W CELUM9<i Xi';f &s± ckA^v 
UAlitKW, *ad it comspoada very nearly villi tlte Byc\.a^ dk»i,c\isu»b 
^RmWuuu near tliQ cqualur. 
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From Ob. to Gh. t!ie air has a fonvaril motion greater than tliat of 
this rnrUi, so tliat it touda to lly away ; its pressure b Uiprefort diniin- 
isbcd, and tbu murcury lUUa. From Cb. to 12b. tbe eiirtb'a motion ia 
gretlcst i it tlierofore prtaaes against the lagging air, and Ibc barom- 
eter riiCB. Front 12h. to I6I1. the earth moves away Trom tLe air. 
and tlw barometer fiills ; while Irom ISh- to 24b. tbu incresiing 
velocity of the air urges it against the earth, and the barometer riiei. 

From a relation of these forces to the power of gravitation, &c. 
Mr. Chase calculates what should be the daily changes m the hicht of 
the barometer, and the rcsnlls are found to correspond veiy clo*cly 
with the changes in the barometer at St. Ilelena, the point neaivct th« 
equator where a long series of barometric obscrvatiotis have been 
made. From these changes in tbe barometric pressure he also com- 
putes the distance of the eun from the earth, and obtains results agree- 
ing pretty nearly with those obtained by the most approved of othei 
methods. 

His conclusions also suggest that tlie revolution of the son around 
tbe great Central Sua must also cause barometrie lluctuatjous that 
may possibly be measured by delicate instruments and lung ami 
patient observation. The Toriccllian column may thus become 1 
valuable auxiliary in verifying or rectifying our estimates of the iQi 
lances and masses of the principal heavenly bodies. 
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POPULAR EXPLiSATIOS OF THE THEORY OF TBB TIDES. 

Mr.Williira DeuniB.of Pbiladelpbia, contributes 10 SiWiman'aJoTinM* 
MdTch, I8G4, an interesting article on the best melbod of jiresenting ii 
a popular form the " Theory of the Tiiics ; " from which we make thi 
fuUDwing extmcts; — 

After alluding to the difficulty which many persons experience, ir 
under«landing huw the tides are produced, the author sayit: Ifaleamei 
he told that the waters of the ocean are raised by the moon's altnctjun 
his first idea, in muny cases, will be that tliey are lifted up by main 
ttrtngth, as it were, the force of gravity being overcome, and havinj! 
Qowfaoro observed any similur ctfi'Ct of tbe moon's attraction, he caiuioi 
conceive how this can be. Nor will it tend in any degree to lessen hit 
perplexity if he shall see it stated (as be may) Uiat, according K 
Newton's calculations, the dinlurbing power of tbe moon's attraction oii 
th« sur&ce of the earth is less than a ten mUlionth part of the fnrce of 



gravity, and that of the sun's attraction not even half as great as iL ., 
13 therefore imjiortant to show, by a preliminary explanation, that the 
waters of the ocean, in their general figure and outline, arc in a Ktnte d 
perfect equilibrium or perfectly bohncea, sij tliat, in view of this, and nl 
ibeir vast extent and iwrfeet freedom of motion, they may be campaml 
to a Bcule-beom in perfect equipmse, auBpended in the most drlioite 
manner, and several thoiuand mtfes iVi length. To omit this woidd be 
much the same as if one should stale, in proof aud illustntion (^ the 
Bltroctioo of gmvitation, that a weight or ball at the side of a mountair 
bad been observed (referring to the Schelioliien experiment) to bt 
ilrami towards the mountain by its attraction, leaving the jeumer tc 
Bu|ipo!<e that the weight wjs pkiced on a table or other level surficc 
instead of being 8U«])ended by a long thread ov — '- 
Ja expliuniug this ooudlUoa ot eqm\i\>tuim 
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wUl be to refer to mere hydro'taiic equilibritini, I'l which any iiortion 
of these wati-ra may be reg:irdcd us exaolly bilanctd by any othtT con- 
ti^iKji portinn, eai-h l>eiiig maintuined ut iti level by t'le presi^ure of the 
other wiiich supitortf it ; consequent I v, if tbin pre^^iire, he in the ease of 
either norcion, k-ssened or increaBeJ, in the least degree, that is to say, 
if the torce of graviiy, to which this pressure is du ■, be in any degree 
counteracted or added to by any other force in one of these gnrtionB and 
nit in the other, the lighter portion will immediately ^ve way and he 
t>4nyed up by the heaTier, which will of cnurae fllmultaneoualy Nink : and 
this would be on eipLination Bofficrent for the purpose. But as this 
stilement, Ihou«h true, is not the whole truth, it may be well to gn n 
Mep further. The waters of the ocean do not mnintiin their general 
%ure and outline under the influence "f gravity alrme. On the contiaiy, 
it is well known that, by the centrifugaffnTce gencr,ited by tlte earth's 
iDtation on its axis, they are kept at a higher level or greater tliatanee 
from the center on other parts of the glohe than at tbc pulex, tiiia eleva- 
tion amouniing nt the equitor where it is greatest to about 13 mile^ 
They are therefore exactly sniperided or poised between these two forces, 
uamely, the force of gravity and the Cdntrifugol (brce just mentionedi 
and any other force that nhould in the leist degree odd to or counteract 
the infinence of either of these forces would at once rause a chiinge in 
the Sgure of these waters. While therefore it is properly the hydrostatic 

X'bbrium existini between the different portions of the waters them- 
M that is disturbed by the action of the forces that produce the tides, 
Itae atatement just made may serve to shoff more clearly how far these 
witers ore, in their normal condition, from Ijing as a dead viel<jkt in 
dw depressigns of the e irtb's surfitce thitt contain them. 

Agam, it is ttated in a ^miliar way, that the tide on the 'idc of the 
Mnh towards the moon is owing to the waters tliere being attracted by 
it more than the mats of the earlh bpc.iuse thev are neirer, while the 
tide r.used at tlie same time on the opposite Bide of the car h resuiia 
fron the earth being drawn away from the wate.s there iiec.iuse Uimt 
are mare remote than the mass of the earth and are thus " left luhin'l, 
M " left heaped up ;" and then wc are told that, at full moon, wlien tlie 
Utroetions of the sun and moan are oppasUt in direction, they conspire 
to pro luce sprinx tide<i in the same m.uiner us at new muoa when their 
^. — .: — „:..... i_ !., ,i: — .:_.| JJow, OB it is nol easy to see how a 
o leave uny thing behind in two oppisils 
luo^HU"^ ot the same time, these stitements appear quite inconaiatent 
•ad are well calcubted to confuse and perplex. It is therefore important 
sod indeed indis|>ensable to the c immunication of an intelligible vie* 
oT this phenomenon to explain, ai be ore remarked, the conditions and 
(irciKnsiances, or, to express it more definitely, tlie relations and de- 
pendence* existing among the bodies cjnccmed in it : a course at onoe 
u mtumlandso needful tbit it eeems remarkable that it should not 
hsfe been aum generally and more fully adopted. 

Ai the earib is Md to its curved path around the sun by the attrac- 
tion of thit body acting in oppsition to tlie centrifugal force generated 
hf tia rapid motion, in the same m.iitner that a heavy ball or weight 
■ttacheii to ihe end of a cord and whirled arounil the tveatl \ftW\ii>n 
rpsiraifteJ by the curd, we mjy regard it ni su-ipcnAeA XxsVACBn "ike"* 
i*j foroes, and if n luilt b.- mc^vly suspended bja coti 'rt. "w'vW^w a ^i**- 
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UluBtralion of iU condition j the force of gravity or weigbt of Uie bnil 
tUndiiig in ]iLice or the centrifugal Ibrce in the cum of the eaiili, anil 
the tension of the cgid rcprejitniing the restraining force of llie sun'-i 
allniGlion which aX each inauuit holdi the earth lo liie place in its urlilt 
which it occupies. But a» this attraction of the tun diniinishei rapidly 
with an increase of distance it is ploio tlut it cannot hold aUparU ik 
the enrth alike or equally, the oeaieEt part being about 8,000 miles lex 
diElant than the most remote, while of course it holds tke ichirU a* a 
mast a» it would hold it were it at the mean distance of all the pirU, 
that is, at the distance of the center. Coni>equently un the neunal yal 
at aide towiirda the sun the attractive force being greattr than the mean, 
there will he a small excfss over what ia suiBcieut to hold tlii* part Ui 
\U place in the orbit, and thia excess acting upon the surliice waten 
there in opposition to the force of gravity renders them apecilically 
lighter and the exact equihbrium before described is immediately div 
lurbed : these waletB will therefore rise somewhat while thobe tlul are 
■o situated as to be unulTected by this dielurbitig intlueuee will sink 
simply Irom the giving u>ay of those which havirg hecume lighter yield 
to their superior pressure. Again on the opposite side of the eanA or 
that most remote from the sun, the atimctive or restmbing force will 
be lees than the mean and therefore nut quite equal to the centrifugid 
force, and here accordingly there will be an excess of tliis latter fbrcie : 
but oa thia side it is this cenlnfugal furce that acts in a direction oppo- 
iite lo that of gravity, and Uiis exeat of it will consequently disturb tha 
equilibrium of the surtiice waters here in precisely the st 
in the other ca»e. 

Such is a statement of the general principlu upon which the al 
of the sun (or of the moon) tends to produce a tidal elevation on I 
opposite sides of the earth, with intermediate depressions. 
ON A NEW FOUUITLA FOR CALC'Ul^TIKO TUK IMTIAI 




In a communication on tlic above subject, made to the Britiak 
Association, 1H64, by Mr. K. A. I'eacoi'k, Uic author staled that i>otu« 
years ago bo had oei-asion to attempt to taJculato the probable prv»- 
aurc of steam at the highest known teniperatuies, aud touud, amongst 
other things, that between the pressures of 26 lb. per sijuaro inch and 
30U lb. to the square inch, the latter being the tiighcBt prvuuie igtm 
which trustwortliy experiments had been carried, the law of incresM^I 
waa, approximately ; lliat the temperature of high-pressure stewo^^H 
say 26 lb. to the square inch and upwards, incruases as the 4^ ro^^l 
of the pressure; and that, conversely, the pressure of the cteatu i^^ 
aay 2& lb. to the square inch and upwards, increases as the 41 power 
of the temperature. At lower prestiun^s than about 2& lb. jier squarv 
inch, a dillerent law prevails. As it Is neeessaty to verity the new 
formula by comparison with some well-known IbtTUulo: and expcri- 
mcnta, tlie author has attempted to do so in a very voluminous labJe, 
ukI gnphically in a \eiy careful Ij-eictuted diagram. SVhat ia tu be 

Etbered from these is, that tho new Ibmiula agrees with Dr. Fair- 
im's experiments, from about 40 lb. to GO lb., and very neBrlv with 
Hcgnault'9, between 2^0 lb. and 33G lb. 
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CdXMVB APPLICATIOK OF AJB EXPANSION THROUGH HEAT. 
It is w«ll buown (hat the air coDlincd uodcr glass, if it receive tlie 
direct rays of the sun, will become much buated, far beyoad [be tem- 
perature ol' the rays, owing to the uetioa of the glana in absorbinK 
these rsj'B and conveying the absorbed heat to the air withiii. frol. 
Aluuehol, of Alcn^on, ha^ made the following application of the heat 
tbiu ajTijuired. He takes a bell of silver, very thm and covered with 
Uuipblaek, and places over it two bells of class, and exposes the 
whulc to Uic rays of the auo. Two curved lubes, furiuahud with 
it«[H.'<M.'kH, pass under the black bell, oos of Uieiu to «upgly watur 
when it is rLi]iiirL-d. the other to give exit to the water ; the latter ler- 
niinating outjiide in an ordinary jet d'eau oriHue. Being now exposed 
to the solar rays. — whose heat is traD&fortned iuto noD-luniinous heal 
in its poiiBBge through the walls of tho bells, an cEFect that goes on 
atx-uuiUatiiiK without cessation, — the air situated above tlie wat«r 
dilates, and b^ ita pressure causes a jet to rise, attainiug sometimes in 
Mouchot'a trials a hight of neariy S3 feet. Whea the water is ex- 
hausted, ascreen placed before the sun wilt cool the iotorior and causa 
the water to return, or a new supply may be introduced through the 
•opply-pipe. filauy times the shade thrown over the apparatus by spec- 
taton caused it to stop, much to their suqirisc. — La Mondes, Hv^l,. -Ji. 
EFFECT OF THE SUN ON bOlL AND AIR. 
The relative heating of the soil and air by the solar rays on a high 
mountain and in a plain has been examined by the distinguished trav< 
cler, M. Cb. Martens, who baa re5>orted on the subject to the Acad- 
emy of Sciences at I'oris. We give a few uol^a : A solar ray, it is 
•aid, falling on au elevated sumnut, should bo bolter than one which, 
after traversing the lower and denser strata of the atinosphcre, de- 
scends into a plain, since these strata necessarily absorb a notable 
quantity of the heat of the ray. All travelers who have ascended 
high mountains have been surprised at the extraordinary hent of tlie 
bun and the soil compared with the temperature of the air in the shade, 
or with that of the soil during the night. Tlie observations of MM. 
tVltier, Ilravais, and Marteus (two series, 125 in the whole), made on 
lliu Fantliom, Switzerland, between 6 A. M. and G 1'. M., continued 
indifferently in fine and bod weather, give, neverthclcea, (or the luoan 
ti^ipi-nture of the soil during the day, 11'76 jiercent, tlmt of tlie air 
Ijeiuu only 6'AO. It became evident that heating of the soil during 
tlie day was twice that of the air ; but tlie observers were not aware 
what luul been the rehttive beating of the earth and air in the plain 
below during the same period. 'lo obtain lliis knowledge, M. Alor- 
teus seteeteJ tlie sunumt of the Pic du Midi, in the Pyrenees, and a 
gnnJcD in the plain at Bagn^res. By his obaervations, which began 
uu Sept. «. lmi4, he oblained the following resulU; The mean of 
tlie l<3iiperature of Uie air in tlie shade, deiluecil from 20 observations 
.'.t t:agi^ree, was 22'3 ; from tlie laine on the Fie du Midi, lO'l only, 
'i'he nwan U-uipcrature of the surface of the soil at Bagn^ns was ;lt>'l \ 
I'ti Ihe I'lc, 3a-8. The mean excess of the lempcratura of thesoil ove' 
' it of UiD air at the two stations is tlten as ID : 171, — nearly double 



that «n ihcmountajii. These experiments put UHtot AaiAA 
V eaIott£c powt^ of Iho suit upon tho UkOUiitaia (liui upon AkK^Uui&- 
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!KW TttEnHQGRAra. 



M. Alircv ba3 nddrcssei] to the French Academy the ToUoiriDj 
duBiTiptian of an inaLruiiiuut Car uuirking suull vuiattuiis of tcoijteiA 
hire : 1. The first port of this thonnograpli consists of a coppar lull 
a meter in length, the ioterior diameter ofivhicli is cnpillaty, notli 
more than ^ of a millimeter. It is open at one end, and soldeivd 
a hollow copper ball at the other end. 2. The aecood iMit of i 
appaRitm consists of a wheel resting upon kniC^^ilgeii, like tboM 
a pair of scaleii, whereby a very delicate OHCtlUtion tnny be imnart 
U) it. The axle of the wheel carries a long vertical needlv, 
the degrees on a circular scale. To the circumference of the whcd 
filed a glnas tube six millimeters iu diameter, and biant in confunai^ 
to the cLirvature of the wheel, and so gituatcil that the middle of tr^^^ 



tube lies verticallr ondumuatii the needle whan the wheel is 
Uiie of its extremities is henneticall^ dosed, while the otiicr i 
Now, if ft little mercury be poured into this tube it will suttle at 
lowest point, and the interior of the tube will thus be divided ii ' 
cluunbers, one closed and with air conliDeil in it, the othe: 
3. Now introduce tiie copper tube iato the glass one, giving 
course the same curvature, and so that its extremity may paaa thron) 
the mercury, thus establisliing a communiKalion between the bollow 
eopper ball and the confined chambers, and the apparatus, with a full 
aci^csaory^ appliances, will be complete. The end of the copper tub 
dipping into the mercury should be varnished to prevent ita bcii^ 
attacked by the lattur metal ; or better still, the end might be made C 
platinum. 4. To use this apparatus, put your hand to the co| 
ball ; the waruith thus imparted to it will dilate the air it coatotns, 
drive part of it into the confined chamber ; the mercury will then 
recede, and thereby iiioke the wheel turn round its ccntcrof gravitv 
the very small arc thus duscribed will be revealed by the needle, m 
dilTcreDCC of its present position with its previous one when at rcat 
If, on the contrary, the copper ball bo cooled, by water, for instanco 
the air inside will bo contractml, a portion of the air of the confined 
chainixtr will rush in, and the mcrcuiy will be driven forward, t' 
needle turning in the inverse direction. By means of this expcrhnc 
very delicate phyeiologiuol experiments on animal heat may be oo 
ducted. 

HEAT AND FOKCB. 



Whenever fricUon is overcome, heat is produced; and the w 

of beat so produced is the exaet measure of the force cxtendeil ii 
overcoming the friction. Prof. Tyndall, speaking upon the subject a 
"Heat considered as a Mode of Motion,^ says: "We usually put oi 
upou the surface of a hone ; we grease the saw. and arc carofnl tr 
lubricate the axles of our railway carriages. What are we re " 
doing in tlicso cases? Let us get general notions first; we shall ci__ 
to particulars afterwards. It is tlie object of the railway engineer |l 
urge his train boldly from one place to another. He wishes Ui appli 
the force of his steuni or his furnace, which gives tension to the sl«aia 
to litis p:irticular purpose. It is not his iWi^rcst to aUc™ aw^ '^ctrtics 
hi' that Rirca lo be L•oll^ert.^d into aimvUur iuvuia^ fcci^-«\aiiin«* 
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not Luther the fttUunment of liis object. lie does not wuit bu &sli« 
lii/;iLvtl, tnd theute liu uvuiiIh as luui'li as poasiLlt uxpcniling his puwer 
iu bcatiug thviu. In liicL Uu luia ubuuiii'd bia luivi: Iruia ticut, ami it 
It Lis otijevt lo rvcciDvert iLu lurce tlma ulitoiDetl ii ' *' 



form, ForUyeveiy degivi; of U.'Wperuture geiwrahNJ by Uiu IriLlJoD 
of Ills axle, a cleliiiihi uiiount would be vithdniwn (Tom tLu iirsing 
tan-K of liis engine. TliL-ro is no force lost absolutely. Could wiii 
guthcr up all the beat geuerated by tUe friction, and could wu >|>l>ly it 
luechauically, we should by it bo able to impart to the train the preeisa 
uuouut oi' speed wUeh it lost by Lhu Iriutiou. Thus every oue uf 
ihuaC nulway porters vhom you iiee moviug about with tuii eaii of 
yt-Uow grease, and opening the little boxes whidi surround liie cn- 
[iiLge axlca, ts, without kuowing it, iLlustratiog a principle wbicb fonoa 
llw very solder of nature, lu so doing be is unconsi-ioiulv allii'uiiug 
both the eonvertibility and the iodeiitruttibility of force, lie ia proc- 
tiudly aMerting that meehanieal energy may be converted into bent, 
and Uiat when so tonvorUid it cannot still exist an niucbauleal energy, 
bat that for vvcry degree of beat developed, a strict and proi>orlioiud 
•t|Uivalent of lucomolive force of the engine distippeors. A sEution 
ii ■pproadied BUy at the rate of 30 or 4U miles au bour; Lhu broke is 
appuedi lUid smoke and sparks issue from the wheel on which it 
pr«saea. The train is brought to rest ; bow '<! bimply by converting 
Ui» entire moving force wlucb it possewud al tbti uoiuuut the braku 
wu applied, iut« heal." 



If we asemne tliat our globe was oncn in on incandescent state (as 
ia now generally admitted}, it must have lost heal at £rat at a very 
ij^nd rate ; gradually tbia process became slower ; and although it has 
not fVl entirely ceased, the rate of eooling must Uavu diminished to a 
oompantively small magnitude. 

'i'wo phenomena are caused by the cooling of the earth, which on 
aocumit of their common origin are intimately related. Tlie de- 
crease of temperature, and consequent contraction of tha earth'd crust, 
muni have caused frequent disturbauces and riivulutioiis on its surliice, 
accompanied by the ejection of molten Djasses and the formation of 
prutubtrances ; on tlie other hand, aecordiug to the laws of meeluui- 
tcs, the velocity of rotation must have increased with the diminution 
of tiuivolutne of the sphere, or in other words, the cooling of the earth 
must have shortened the length of the day. Aa the intensity of sucli 
disturbance and the velocity of rotation ore closely connected, it is 
ckar tliat the yunth of our planet must have been characterised by 
cDUtinual violent trousfonnations of iU crust and a perceptible occelera- 
lioD of ihc velocity of ita axial rotation ; while in the present lime Uio 
nietomorpboses of its surface are much slower, and the acceleration of 
it« Bxiol revolution diminished to a very small omuunt. 

II' we imagine the limes when the Alps, the chain ottlie Andes, and 
tho I'eak of Teneriffe were upheaved Irom the deep, and compare 
with auch changes ibo earlliquukes and vulcanic eruuiions of hlsuirie 
times, we peneive in ttiese modern translorusuliuaa but vcaJt uu&^va 
oTt^c antloguua procc^svs ol byjjOue agiig. 
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WbQewe&re suTTonsded on eveiy Bide bj the moniuDenta of Tiolcnt 
volcttnie toavulBioDs, wu possess no rword of tbc velocity of tbe axiil 
" ur planet in antediluvian times. Itisol'the greatest im- 
porttuiFe tbat we ehould have an exact knowledge of n dunee in tbia 
veludty, qr in the loiigth of the day dxiriiig historic times. The inTcn- 
ti^alioii of this subject by the great Lsplai'e forma a blight mtniiuaeut 
ill the department of e) " " 



iv apart from each other, is as accurately as possible expressed ii 
days, anil Irom tbis tbe ratio of the lime of the earth's rotation to the 
mean time of the moan's revolution determined. If, now, the obsei^ 
vatioiia of ancient aatronomera be compared with those of our prvsent 
time, the least altenitioo in the absolute length of a day maybe detect- 
ed by a change in this ratio, or in a disturbance in the lunar r^olnti on. 
The mo«t pei Ictt Bgrei'tuetit of ancient records on the niovcmenls of 
thu moon and the planets, on the eclipses of the sun, &c. revealed to 
Laplace the remarkable Ctct that, in tho course of 26 centuries, the timu 
in which our earth revolves on its axis hiu not altered -^^ part of a sex- 
agesimal second ; and tlie length of a day therefore may bo considered 
to have been constant during hist«nc times. This result, as impor- 
tant as it was convenient for astronomy, was nevertheless of ji uaUM 
to create some difficulties for tbe physieist. With apparently good 
reason it was concluded that, if the velocity of rotation had remaned 
coostant. the volnme of the earth could have undcrgono no chaogB. 
The earth completes one revolution on its axis in 80,400 sidereal KXr- 
onds; it conseijucntly appears, if this time has not altered during 
2,600 years to tho extent of iJ j of a second, or xsv^n P"" *•' ■ 
day, that iluriug this long space of time tho radius ol tue eartli bIm 
cannot have altcrt'd more tlion this fmction of its length. The eaiiUli 
radius measures G,3GD,800 mclers. and therefore its length ought Ut 
to liave diminished more than 1^ centimeters in 35 centuries. 

The diminution in volume, as a result of the cooling-procesB, ia 
towever, closely connected with the changes on the earths suriiice. 
When we eonsidcr that scarcely a day passes without the occurrence 
of an earthquake or shock in one place or auother, and that of the 
SUO acdvo volcanos some are always in action, it would appear 
that such a lively reaction of the interior of the earth against the 
crust is incompatible with the constancy of its volume. This apparent 
disercpaucy between Cordtcr's theory of the connection between tho 
rooljng of the earth and the reaction of the interior or the cxttnior 
parts, and Laplace's calculation showing the constancy of the lenj 
uf tho day, a calculation which is uutlouhtdlly correct, his L ' ~ 
most sdeiitilic men to al'andon Cordicr's theory, and tiiui t 
themselves of any lennble explanation of volcanic activity. 

The coutiimed cooling of tlie earth cannot be denied, foL __ ____ 

place sccurding to the laws of nature ; in this respect the eartli caunot 
comport itself differently from any other mass, however small it bo. 
In spite of the heat which it receives from the sun, the earth will have 
a leudcncy to cool so long as the tewjtcrature of its interior is hig" 
lljjin 'he mean temperature of its Buctaicu. BcVncvn Uvb UMijiea 
lutvuj twuporature produced by thu sua ia sJjoa^. JSP , «oi Ma« 
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therefore is u Utile ablu to atop the cooling tendency of the earth as the 
iaoilerat« warmth of the air L-au prevent tue cooling of a red-hot ball 
■uspcnded io a room. Many pliuaomena — for instuoce, tliu mulljug 
of the gtairicra near the bcil on which thcj reat — show the uninter- 
rupted emissioa of heal from the interior toward the estorior of iha 
cirth ; and the question is, lloa the earth iu 2o centuries actually lust 
iii> more heat than that which is requisite to alionea a radium of more 
tiian (i.OuO.OOO of meters only 15 ceutinieters ? 

In answering this queBtiun, tlirce points enter into our cakulntioD : 
1. the absolute amount of heal lost by the earth in a cei-tain time, 
uy one day; 2, the earth's capacity fur heat; and 'J, thu cocQicicut 
III expansion of the moss of the earth. As nune of these quiuititiul 
can be determined by direct meoaurouieula, we are obligL-d to content 
ourvelvea with proljable estimates; these estinutos will carry the 
more weight the less they are formed in favor of some preconceived 
opinion. 

Considering whai. is known aboat the expansion and contraction of 
solids and liqiuds by heat and cold, we arrive at the eoneluaign that 
for ft iliniinution of 1° in tc-mpcralure, the linear coutraclioti of the 
earth cannot well be less than ^WifTir I""''' ^ number which wo all 
the more readily adopt because it has been used by Laplace, Aragu, 
and others. 

If we compare the capacity for heat of all solid and liquid bodies 
which bavo been examined, we Gud that, both as regai'ds vulunic and 
weight, the capacity of water is the grcattat. Even the gases come 
Duller this Tvla; hydrogen, however, forms an exception, it having 
the greatest capacity for heat of all bodies when compared with au 
tq\3ai weight of water. In order not to take the capacity for heat of 
tile mass of the earth too small, we shall consider it to be equal to 
tlmi of its volume of water, which, when calculated for equal weights, 
■mounts to 0' 181. 

If we accept Laplace's resttlt, Uiat the length of a dav has remained 
constant dunng the last 2,j0() years, and conclude that the earth's 
radiiu has not dimimslied 1} decimeter in consequence of cooling, 
w« are obliged to assume, according to the premises stated, that the 
mean teiupcrature of our planet cannot have decreased -^ts" "^ '^ 
aainc period of time. Tlio volume of the earth amounts to 2,ljo0,000,- 
000 of cubic miles, A loss of heat sufficient to cool this mass 7^° 
would be equal to the heat given off when the temperature of 6,15U,< 
1X10 cubic miles of water dccrciaacs 1°; licuco the loss for ono day 
would be equal to 6'71 cubic [uilcs of heat. Fourier has investigated 
the toss uf heat sustiuiied by the earth. Taking the observation that 
llio tcuiperaturc of the earth increases at tiiu rate of 1° for evcr^ 30 
luctcrs as tile basis of his calculations, this celebrated matliematician 
fmd» (be heat which the globu loses by conductiou tlirough its crust 
in tiiu diiace of IIX) years to be capable of melting a layer of ice three 
in(>(cra m thickness and covering the whole surface uf the globe ; this 
corresponds in ono day to 7'7 cubic miles of boat, aud iu ^,500 yean 
to a decrease of 17 centiuiclcra in the length of the radius. 

According to this, the cooling of the globi' would bo sufficiently 
grvat to require attention when tCe earth's ydocily of roUtiou U win- 
$ii}cn.-(l. At the eaiui! liiuc it ij clear thai llm uittiwi tmyW-jii Vj 
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Fourier can I>ring to our knowledge only one part or llie beai wbjt'b 
B aunuftllj lost by the earth; for Eiaplc (.-onduction tlirouch terra 



al>ring to 

9t by the earth ; lor Eimple (.-oniluetion through (c 
_^rma ts not the only way tiy whJtb heat escapes from our globe. 






exposed, and thus opening a door for the escape o 



I 



In the first plaee, we may make mention of iha oiiueous deposits nf 
our atmosphere, which, as Tar as they penetrate our earth, wash atmy , 
so lu speak, a portion of the heat, and thus aceelerate the cooling of 
tite glolie. The whole quantity of water which falU froni tlie atiuo»- 
pherc upon the land in one day. howevpr, cannot be assumed to be 
nmrh more than half a cubic ome in volume, hence the cooling effect 
raduced by this nater may be neglected in our calculation. TLu 
ried off by all iJie thennal npiings in the world is i-erj' small _ 

tarison with the quantiticH which wo hare to cunsidor here, 
more important is the effect produced by active volcanas, 
the heat which accompanies the molten matter to the surface u 4 
rived from the store in the interior of the earth, their action d 
inOuenco cousiderablv the diminution of the earlli^a heal. And 1 
have not only to consider here actual eruptions which take plac 
iuccession or simultaneously at different parts of the earth's m"' 

but also volcanos in a iiuiescent stale, which contiuually i . 

large quantities of heat abstracted from the interior of the globe. 
we compare the earth lo an animal body, »c may regard each volcano 
as a place where tlie epidermis has been torn off, leaving the ioteiior 
■ * ' e of heat. Of the 

9 outlets, 
n estimate n 

n of this loss, we have to recollect that in 1783, Skaptar-Jo- 
kul, a volcano in Iceland, emitted mifficicnl lava iu the spaco of eii 
weeks to coverCQ eijuare miles of counti^ to an average deplli of 2<XI 
meters, or, in other words, about 14 cubic milci of lava. The amount 
of heat lost by this one eruption of one volcano must, when tlie high 
temperature of the lava is comidcred, be estimated to be more than 
l,oOo cubic miles of heat; and the whole loss rceultin^ from the 
action of all the volcanos amounts, therefore, in all probabili^, t 
thousands of cubic miW of heat per annum. This latter numl " 
when added to Fourier's result, produces a sum which evidently d 
not agree with the assumption tliat the volume of our earth lias n 
mained unchanged. 

In the investigation of the cooling of our globe, the influence of t^ 
water of the ocean has to be taken into account. Fourier'" "-' — *" 
tions are baaed on tlie observations of the increase of tlie It 
of the enwt of our earth, from tlie surface toward the center, 
of the snrface of our globe are covered with water, and wo 
assume it priori that tlun large area loses heat at the some rale 
solid parts; on the contraiy, various circuni&tanccs indicate ti 
cooling of our globe proceeds more ouickly through the waters 
ocean resting on it than Irom the solid parts merely in contact « 
the atmosphere. 

In tlie first place, we hare lo remark that the bottom of the o _ 
is, gencrallv Bpeaking, rearer to the store of heat in llie interior d 
the earth than the cli^ land Li, and hence that the temperature ii 
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tlie Irnd. Socondlv, we have to conBJder tliat the whole bottom of 
Iht sea is covered hy a layer of ice-cold wntcr, whitii moves coiistiiit- 
Ij- from tlie poles lo the equator, and which, in its paseage over Band- 
bank*, causes, as iloinbuldt npllj remarks, thu low temperatures 
wliii-h are generally observed in shallow pUcca. That tha water near 
the bottom of the sea, on account of its great specific heat aud its low 
tt-mperature, is better fitted than the atmosphere to withdraw the heat 
from ihe eanh, is a point which require* no further diaciusion. 

We have plenty of observations which prove that the earth iuffcrs a 
great loss of heat through the waters of the ocean. Many investiga- 
tiKiii have dcmoDstrated the existence ofa large expanse of sea, mueh 
visit«d by whalers, situated between Iceland, Greenland. Norway, 
and Spitzbergen, and ejttending from latitude 76° to 80° N., and from 
ioogHude 15 E, to lu" W, of Greenwich, where the temperature was 
observed to be higher in the deeper water than near the surface. — an 
cKpcriciicB which neither accords with the general rule, nor ai;rcca 
with the laws of hydrostaticB. Franklin observed, in Latitude 77^ N., 
and longitude VJ^ E.. that die temperature of the sea near the surface 
was — i^, and at a depth of 7I>0 fathoins<(-G'^. Fisher, in latitude HO" 
a, and longitude ll'' E., noticed that the surface-water had a tem- 
pt-rature of U°, whilst ata depth of UO (athonis it stood at -|-«. As 
aea-waler, unlike pure water, docs not possess a point of greatest 
density at some distance above tlie frcezing-iKiint, and as the water 
' latitude 60° N. is found at some depth to be warmer than wati.'r at 
same depth 10° southward, we can only explain this remarkable 
nomenon of an increase of temperature with an increase of depth 
the exiatenco of a source of huat at the bottom of the sea. Tho 
. however, which is required to warm the water at the bottom of 
expanse of ocean more than 1,000 square milcB in extent lo a-seusi- 
ble degree, must amount, according lo the lowest eaUiuate, to aoaio 
cubic miles of'heat a day. The same pbenamunou has been observed 
in other parts of the world, such as the west coast of AuatraUa, tho 
Adriatic, the Lago Maggiore, &c. Especial mention should here be 
made of an obscn'aliun by Homer, according to whom, the lead, 
wbeji hauled up from a depth varyine from SO to 100 fathoms in tlie 
miirhty Gull-stream off the coast of America, used to be hotter than 
filing water. 

^C The fads alwve mentioned, and some others which might be added, 
^Bearly show that the loss of heat suQered by our globe during tho lost 
PfcfiOO years is far too great to have been without sensible effect on the 
JSilocity of the earlb^s rotation. The ri'ason why. in spite of this ac- 
celerating cause, the length of a day has nevertheless remained con- 
stant since the most ancient times, must be attributed to an opposite 
retarding action. This eonsibta in the attraction of the sun and moon 
on the liquid parts of the earth's surface. 

Accordmg to calculation the retarding pressure of tlie tides againat 
the earth's rotation would cauKO, during the lapse of 'J, 600 yeara % 
aidereal day to be lengthened to the extent of -^ of a second ; as the 
length of a day, however, has remained constant, the cooling effect 
''the earth during the same period of time must have shortened tlie 
^ of a Befoiid. A diminution of tic eaWifi TwSwa vo '^la 
- or4J meters ia 2,600 years, and t. dal\y \«*b oS "iVft cdiiifc-naK* 
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of licut, rorrcspoDtl to tliis effect. Hence, in the course of llic Iwt 
25 centuries, tlie teuijHiriituro of the nbolo lutut of tbc eulli n 
L»ve decniaaeil i'(°. 

Hie not inconsiilemblc contraction of tlie earth rcculUng from lucb, 
a loss of hoit, ngruuB with the coutiumd transfurmalious uf tbu earthV 
BurlACts hy earUiquakcs auU volcauic eruptions; anil we Agree whb, 
Cordicr, the iadu^tiious observer uf volL-uiic jirucesites, iu cuusiderinB: 
thtaii plivnomcua u uecessaiy consequence of the continual cooling <^ 
an earth wliicli is still in a molten state iu its interior. , 

When our earth was in ita youtli, vclocitjr of rotation must have in* 
crcaaed to a ver}- senijible degree, on account of the rapid coolins of 
its liien very hot mass. This aocclumtiug cause gradual]; diminisLed,, 
and as the rclardiug pressure of tlic tidal wave remains nearly coosttuiti. 
tbc latter muEt finally preponderate, and ihe velocity of rotation there* 
fore continually decrease. Between these two slates we have a period of, 
e(|iiilitirium, a period when the influence uf the cooling and that of tlw tt% 
dal pressure counterbalance each cither ; the whole life of the earth tbere* 
fore way be divided into three periods, — youtli with increasing, midr\ 
die Agu with uniform, and old age with decreasing velocity of rotation^ 

The time during which the two opposed intluences on the TUtatigat 
of the earth are u equilibrium can, strictly spealdn^, only be veij, 

short, inasmuch as in one moment the cooling, and m the nexf 

nicut the preesure of the tides must prevail. Iu a jibysical s 
however, when measured by liumon atandards, tLe niducnee of tbs 
cooliiic, and ctill more m that of the tidal wave, may for ages be voitv 
aidcred constant, and tbere must consequently exist a period of ir — 
thousand yeara' duration during which these counteracting lulluc 
will appear to be equal. Within this period, a sidereal day attains hit 
shortest longth, and the velocity of the earth's rotation its mudmam,— •. 
circumstances which, according to mathematical oiialyus, wotild teai,' 
to lengthen the duration of this pt'riod of the earth's existence. 

The historical times of mankind are, according to L.aplace''s calcal»>, 
tion, to be placed in this period. Whether we are at .the present mo-j 
men t still near its commencement, its middle, or arc approachiofita, 
coiiduttion, is a qucElion nhich cannot be solved by our present &1^ ' 
and must be left to fijture generations. 

The continual cooling of the cartli cannot be irilhout an influmcBi. 
on the temperature of its surlitcc, and couitequently on the climate;^ 
scientific men, led by liuiTon, in fact, have adianced llie suppoaiticv^ 
that the lo«a of beat sustained by our globe must at some time rendw 
it on unfit habitation for organic life. Such an apprehension has enr 
dcntly no foundation, for Qie waimth of tliu corUi^s surface is evaft;, 
now much more dependent on tie rays of the sun than on '' ' ' -"^ 
which reaches us from the interior. According to Pouiilet's 
ments, the earth receives 8,000 cubic miles of lieat a day from the sui^^ 
whereas the heat which reaches the suHace Irom the earth's interior, 
may bo estimated at two handred cubic miles pur diem. The hoifr 
therefore obtained from the latter source evfiry day is but small in 
comparison to the diurnal heat received from the sun. 

If we imagine tlie solar radiation to be constant, and the heat w* 
receive from the store iu the inlerioi of t!be cuXlaxaW cxa.tfi,^iH| 
should bare its a consequence various duutgea in iW ^i^ur^ s-^^ 
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n of the anrface of our globe, Tbe lempcralure of hot fpringi 
wi'iiiu jrrailuallj- sink tiowu to the lopua ti'mperaturo of the enrtirs 
eruat, volcanic eruptions would cvitae, carthquakea vould no longer 
be fi-lt, uiil the teutptratun' of the water of thtt oouan would be dcd' 
iibly allcivd in many plat'eii, — i-JrcumstiLneei which would doubtless 
affuct die tlinuLte in many pans of the world. Eapeeially, it may 
\ie pruaumcd that Wesleni Europe, with its pluiu<ant favorable 
rliiuatf. would bceomo colder, anil tlius perhaps the scat oi' llie 
iii.wcr aiid eulturo of our rai'e truiafurreil to the milder jiarta of 
Naith Aiuericai. 



Mv thii as it may, for thousands of vears to come we can predict 
no ilinunution of the temperature of the Burfaco of our globo oa a 
consequence of tbe cooling of Us interior maaaj and, so far 



lui ic rtcordx leach, the climates, the temperatures of thermal t^prin^s, 
and the intensity and frequency of ToleAnio eruptions are now uie 
same as thev wero in the fiir past. 

It was difierent in prehistoric times, when for centuries the earth's 
surface was heated by internal fire, when mammoths lived in the now 
uninhabitable polar regions, and when the tree-ferns and tbe tropical 
Ehi-ll-fi<>h, whose fossil remains are now especially preserved in ibn 
«oal-(brmation, were at home in all parts of the world. 

THE INTENSITY OF SOLAK EATHATION. 
The intensity of the sokr radiation at differvnt seasons of the year 
has bran investigated by Father Secehi of the Ubscrvatoiy at Rome. 
We eire some results from his paper recently printed in the Comptct 
Ktnatta uf the AcHdemy of Sciences at Paris. VVe have not space for 
the description of the apparatus employed, and with which ho made & 
cnut niunUtr of observations duruig the summer, repeating tliem 
during the perfectly clear days between Nov. '22 and Dec. C<, huit, 
when he exposed the apparatus to the solar radiation under the dome 
of tbe obKi'rvatuiy until the temperature remained perfectly constant 
fur » considerable time. 1. During the summer, near the meridian 
aud near (be solstice, the relative temperature varied from 14° to 11° 
Cent. ; the mean being 13'0(i°. !2. The observations continued during 
AoguMtgave 18°to 11°: the moao ia°. 3. ThosemadoiiiNovember 
^^^td December gave I2'5°, ll'a", the mean not bebg sensiblv changed. 
^^^L When observine in summer, near the horizon, at on elevation of 
^^HP to 34°, be found tlie temperature rose only to li'^". 6. The rapid- 
^^P^witfa which the blackened thermometer rose was scarcely diSurunt 
^^Eauinmer from winter until I'if or 11°; but after this limit the maxi- 
mum was attained sooner in summer than in winter. Tbe results ob- 
tained in the latlor season were completely unexpected. Father 
Secehi thought that observing the sun at a height of about 28°, he 
would find a temperature quite, or nearly eiiual to that which be found 
in summer nt 32* of clevalion, the atmospheric density being nearly 
the same; but it was not bo. At the meridian he found nearly the 
Natiifi amount as in summer, although the rays traversed n thickness of 
■Xmosphcre more than double, whife this double thickness diminished 
••■" force of tlie radiation, reducing it to the half. These phenomena 
Id be inexplicable U we did nol know ihc aWiAvm^ i(o««» lA 
MqoBiiaii vapor. Father Secdil cxprvaacK Vis ugt^M.^lKtt^. iMsiftsa 
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resulte obtained b^ Prof. Tyndall, estimating its absorbing power at 
60 times that of air. 

MECHANICAL VALUE OF THE 8UN^ HEAT UPON THE EARTH. 

Mr. J. R. Minrer, well known for his researches in celestial dynamics, 
estimates the effect of the solar radiation in mechanical wonc on the 
total surface of the earth, as equal to 180 biUians of korse-fower peT 
minute, or in other words, the surface of our globe receives every 
minute an addition of vis viva equivalent to this amount. A not in- 
considerable portion of this enormous quantity of mi moa is consumed 
in the production of atmospheric actions, in consequence of which 
numerous motions are set up in the earth^s atmosphere.— -iSi22»m<iii^« 
JounuU, 

BREAKING ROCKS BY FIRE. 

The ancient method of breaking rocks by fire has lately been re- 
vived at the Rammelsberg mine, in the Hartz Mountains. In a port- 
able furnace about one and a half bushels of coke bum from 4 P. M. 
to 5 A. M., when the furnace is removed and the rock left to cool, 
after being sprinkled with water. About noon the face of the rock 
spontaneously detaches itself; and after that a further portion is 
broken. The effect of the fire extends to 8 inches, and witii 1| 
bushels of coke from 16 to 24 cwt. of ore is obtained at half the cost 
of the gunpowder process. 

COOLING OF SOLIDS BY TENSION. 

Mr. James Croll, in the Philosophical Magazine, directs attention 
to the experiments of Dr. Joule, which proved that the quantity of 
cold produced by the application of tension to solids was sensibly 
equal to the heat evolved by its removal ; and further, that the ther- 
mal effects were proportional to the weight employed. The probable 
explanation given by Mr. Croll is this : If the molecules of a body 
are held together by any force, of whatever nature it may be, which 
prevents any further separation taking place, then the entire heat of 
such a body will appear as temperature ; but if this binding force 
become lessened, so as to allow further expansion, then a portion of 
the heat will be lost in producing expansion. All solids, at any 
given temperature expand until the expansive force of their heat 
exactly balances the cohesive force of tneir molecules; afler which 
no further expansion at the same temperature can possibly take place 
while the cohesive force remains unchanged. But if by some means 
or other the cohesive force of the molecules become reduced, then 
instantly the body will expand under the heat which it possesses^ 
and of course a portion of the heat will be consumed in expansion, 
and a cooling effect will result. 

CONDUCTION OF HEAT. 

In relation to TyndalPs researches, M. L^Abb6 Laborde states that 

he heated to redness one end of a thin iron bar so long that the 

other end could be held without burning. When the red end was 

plunged into water the other end became so hot he was compelled to 

drop it. The rapid compression of the hot metal, he says, is no 

doubt the cause of the elevation of temperature; but he asks if 

Another cause may not bo Buspeeted; £ox m«\Aa:iQ^i« >^^ ^x^iadckKsc)^ vA 

thermoelectric currents ? 
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" That any mineral substanco, whether ciystallized or not, sliould 
<liiiuiu»h io density by the sction of heat, nii^t bo looked upon aa a 
Datural conseqaence of dilation being produi^ed in every uiue aiid be- 
■?ome permaQcnt. Such dioiiDution of density occiira with idocrose, 
Labrailorite, feldspar, (juartz. amphihole, pvroxenu, pcridotc, Snm- 
orghitc, porcelain ami glans. But Gudolinite, zircons, auil yellow 
obaidian au<^eiit iti density from the same cause. This again may 
be explained by uauming that, under thn influence of a powcrfulhcst, 
tliesc eub^Ianees undergo some permanent molecular change. But ia 
this note I have to show that this molecular change is not permanent, 
but intvrmittent, at least oa re^anls the species I liave exainiuud, and 
probably with all others. Such researches, while tending to elucidate 
certain fxAata of chemical geology, may likewise add something to 
our present knowledge of the modes of action of heat. My expt^is 
iincnta were underUken to prove on interesting fact annoimceil 
ri»rmerly by Ma^niua, — namely, that specimens of idocraae nller fusion 
liaddtiniiiished considerably in UciUiity without undergoing any change 
of composition; before fusion their speciljc gravity raoced from S-Hii 
to 9-ifi and after fusion only 2-9i to 3-04JJ. Having lately received 
specimens of thi» and other uinerahi brought from Vesuvius, 1 deter- 
mined apon repeating this experiment of Magnus. I found, first, 
that what he stated liir Idocrase and for a Bpeciiuen of reddish-bruwu 
garnet was also the case with the whole family of garnets ■ " 

fur the minerals of the idoi'rase groupe: sucondlr, tliat '' 



lerals of the idoi'rase groupe: sucondlr, tliat it i> not ne- 
melt the minerals j it is suUicient tliat they shonld be heated 
to redness without fusion, in order to occasion this change of denuty : 
tliiitily, that the diminished density thus produced by the action of a 
red heat is not a permanent state, but chat the specimens, in the course 
of a month or less, resume their original specific ^avities. These 
■■urions results were first obt^ued by me with a species of lime garnet 
in small yellowish cirstals, exeeediogly brilliant and resiuotts, sbiiost 
granular, fusing with difficulty to black enamel, accompanied with 
very little leucite and eryalallized in the second system. • • • 
* * * * Specimens weighing some grammes had Ihdr specific 
graTiQr token with great cam. They were then perfectly dried and 
expowd for about a tjuoiUr of an hour to a bright red heat. When 
tlie whole substance of the spueimen was observed to have attained 
this temperature, without a trace of fusion, it was allowed to cool, 
and when it had airivetl ot the temperature of the atmosphere, its sne- 
rific gravity was again taken by the same method as liefore. The 
diminution of ilcnsitv being noted, the specimens were carefully dried, 
enveloped in several folds of liltcring paper, and put aside in a box 
along with other mincrats. In the course of a month it occurred to 
me tbat it would be interesting to take the specific gravity again, in 
onler to aacert^ii whether it had not returned to its orimnal figure, 
■hcQ, to my surprise, I found that each specimen had cffeelivoly iti- 
crvased in density and hail attained its farmer spcciiic gravity. The 
tame cxpcrimeats wcro made irith Hcveral olbur minemB XnAw^^^ 
to th0 MiKTiue anil yaroct family, and alwaja With uuiiW xvavi^a. 
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Kow, what boivomrs of the heat which scciq« to be shot up in a n 
eral mbstaocc for tLc apace of a month? Tbc nibsiaDce of the n 
e»l U diktod, the diiiiance betwMm its molceuU-s i. > • 
these moleeuies slovrlj approach each other again aiii 
of some weeks resume their orig;iiial positions. What induces tl 
change, or how does it happen that the original spcoilic ^ravir 
not acquired immediately the Hubstance has cooled? Will the •. 
pfaenomena show itself with other TamilieB of mincriUs or with Hu.- 
tallie elements? Such are the points wliich I pn}|>osc to examine in 
the next plMC ; in the mean time the obaervationa 1 have just alluiii-<l 
to are proof that bodies can absorb a certain amount of heat not indi- 
cated by the thermometer (which becomes latent), and tliat this k af- 
fected without the boUv undergoing a change of slate : secondly, that 
they slowly part with this heat again until they have Bc([uired their 
original densities ; thirdly, so many different substances being aflecl- 
edby a change of density when melted or simply heate'l to rcduei 
and allowed to cool, it is probable tiiis property will be found to be- 
long, more or less, to all substances without exception." ~ 

RKseABCHES Oy BOILING WATEK. 
Mr. William It. Qnive, in a recent lecture on this subject l>efore tl»] 
Koyitl InUitution, after dcHning boiling as the complete elimination of em 
and its inmilonn^tion into vapor, expressed his 
fxperiments, that water never did boil as for as we 
know now; what he termed an "everlasting" bulible of a gas aU 
nuining behind. Afrer vhowing, by means of the electric bmp, t 
Domena accom[)iinying boiling; water in a tube, — ihe rixing of the bubhle*! 
air frnm llie bnllom, — he expreived his opinion that wuler could 
without air. lie then procerded to describe eiperimenls made in 
to those of DoTiny, who had fhnwo that in proportion as water is deprived 
of air, Ihe character of its ebulliiion cimtiges, Incoming more and more 
abrupt, bd ling with sudden buriits, while beiween each buist Ihe mier 
reaches a temperature considembly above the biuting point) to do this it 
was necessary to boil the water in a tube with a nanow orilice, through 
which the vapor issued. If the water were boiled in an open \eH>el it re- 
absorbed air, and boiled in the ordinary way. Mr. Urove illustrated 
the difficulty experienced in entirely exuclllng air or gaa from water by 
boiling it under oil in a tube. Eich bubble of steam which hH the sutftos 
of the water passed through the column of oil, becoming Fwaller UNC^I 
smaller during its ascent, but it never condensed without leaving a nuniili^B 
bjbble of gas, which would be found to be nitrogen. With the view ^^M 
telling the jiossibility of cimverting an Bl>MiIuiely pure liquid into vapsiJS 
Mr. Orove tried bromine, but dincovered in this mslnoce that a certaoi 
quantity nf oxygen occupied the n|)ace above the liquid bromine: snd 
even kulphur and phosphorus strongly heated over a close vessel each 
gave ofl' a goa. Vi e have no tyace to describe Mr, Grove's eiperimenia 
in reUtion to the decomposition of water by heat, and the mode ofacliMi 
in the gas-hotlery. He exprestiFd his own opinion that hitherto simple 
braling, in the aense of a liquidbeingexpandedinto vapor by heat, without 
KHi'g decompoficd or having permanent gas ellmiratea from it, is a thing 
niikiuiwn. He staled that clo«e investigations into these interesting phe- 
nometM would probably lead In moalimpoitawt. ''' - j - 

his regitt at not liaving time lo 6i«iie " 
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*off«f m Paper Vessda.— Mr. Terrilllms hid liefore thu 
Chemical Society of Parin, facts pnivin'j ilint llie paper on which a layer 
of vater is i^liiced, mar be healed (□ ihe highe<t temperature without 
bring changed. He stotea, that the non-conducli!)ililv of ihe paper for 
heal, and the cmistatil evaporation of the liquid througli the fores of the 
paper, jirevciit the cnmbintion of the paper and the eliullilior of the 
wa<er nfaenhcitted b vesselH of ]>oper. During the eijierimfnt, ihtre ia 
endosiiiolis of the exterior ^rcb through the pores of the p:iper, and 
hence, when ihe water cuntninn metallic talts in Holutiim, these are reduced 
by contact with the flume, after huving travereed the paper. 
ON TBK PaliUATtC I 

A paper on the above subject was read at the last meeting of the 
British As»ocintion by Rev. G, Browne. These ice cavc«, he Mated, 
wpre found in limestone rocks in various parta of France mid SwitKr- 
bad. The ice wa« found at dcjilha of from 5(1 Jo 200 feet below the mir- 
f.icc, and at altitudes var^-inf; from under 2,000, lo nearly OOOo fett alxrve 
the sea, and appeared m the form of columtis with spreadinif bises 
formixl by the freezing of water which dropped from tlie roof; of ice 
cascades supported by the slojang walls, and tbrmed by water running into 
the cnve frooa latenil fissures and in other forms. In many of [hewe 
cives there was perpetual darknescj and in almost all of llicm n candle 
would bum for hours without giving any sign of the presence of a current 
of air. In vi^ting these caves, he wan struck by ihe columnar appear.inca 
jiresented by the fractured side of the ice, and on examining it he found 
thut the whole mass was composed of a vast numlicr of jirisms closely com- 
pacted. He separated the prisms at the edRe with the greatest ease, 
and thruat them out one after tiie other, as one might thrust out a knot 
of wood from the c^Igc of a board. The prisms reminded him ol the 
CDiistmciion of a stone wall, built without mortsr, in a sloiy country. 
The irregular stunes should form a compact map, and the surface of the 
Willis should be ground xmooth. This ice resisted the eStet of Leat 
more succeKsfully tlutn otdiniiiy ice. 

TBB COSDKNSATION OF VAPOItS 0?f THE SURFACE OF SOLID 

translation of Prof. Magnuses pB|)eron this subject appears in tlie 

^pj^ }p!iical Mitgaxine. Our limited space prevents ua giving details 

oTtiie methods of experimenting bcvond the fact that the ulate of thu 
substiuice examined was so placed tnat, by means of a biillowe, ilry or 
rooict air could be made to stream upon it, the cliangc of tomperaluru 
Iwhie determined by means of thu thermo-electric pile and a very 
■etuitivc needle {ralvanomcter. The Profcsaor iu conclusiou, asserts, 
as the results of bis investigations, that it has been established that the 
must various organic and inorganic bodies — wax, parafliu, glaita, 
ijiiartz, mica, gypsum, and the moat dissimilar salts ; aliH> the mttals, 
whether rough or ptolishcd, or even covered with varnisli — condeiisu 
on their surface aqueous vajior from the aurrouuding air, which has 
the >ame temperature as tbeusclves, anil, in consequence of this con> 
(lensntiun, umlcrgo elevation of temperature : and that when tlic sut^ 
IS chan^d /or air contaiaing less mniatoK, \^ib& (."^A 
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H of the prcviouslf coudcn«!ii moisture aliouUI evxparale and cool 

H Huriace of tlie body. Kesnits perfectly Eiiuilar to those obtninud wid 
^ vapor of water wtro obtained tiy us'iag vapor of ak-oliol, or of c4b 

or other vapors. Generalixing : tlic most Tarious vapors comlvnw 

tbe surface of solid bodies in such a ciuantitv u to cause appreci^ 

elevation of temperature. From tbis it follows that, at all t' 

there is at the surface of solid bodies a laver of coDileusctl tunw 

whicJi is larger or smaller at^iKirding to the t^gromctric state 01 till 

atmosphere. Under some conditions, thia nill, without doubc, es 

else a by no mcaiu uoiuiportant influence. 

ON THE NATCKE OF HEAT- VIBRATIONS. 

Prof. Tynrtall, in his rcsearfhcs on radiant heat, has shown tl 
the period o( heat-vibrations is not sileeted by the slate of a| 
tion of the molecules of the heated body ; that is to say, ^ 
the substance be in the gaseous, the liquid, or perti.ips the solid c _ 
dition, the tendency of its molecules to Tibrate according to ■ givQ 
period, renuuns Einchanged, the force of cohesion bindiog the tt ' 
culea together, exercises no effect on the rapiditr of vibration. 
James Croll , in a communication to the PhUntophKol HagaxiiK, t 
that be has also deduced some further conduslonsregarding the oi 
of heat-vibrations, which Kcem to be in a measure confirmed bytk 
expi'ri mental results of Prof. Tj-ndall. One of these conclusions wi_^^ 
that tho beat-vibration does not consist in a motion of an aggregab 
mass of molecules, but in a motion of the individual molecules tMai 
selves. Each molecule, or rather we should say each atom, acts c 
if there were no other in e:[istence but iuelf. Wlietber the atom stand 
by itself as in ibe gaseotis state, or is bound to otiier atoms as in tW 
liquid or the solid state, it behaves in exactly the same manner. Tb 
deeper question then suggested itself, viz: what is the nature of tha 
mysterious motion assumed by the atom called heat ? Does it consif 
in excursions across centers of equilibrium external to the atom itselft 
It is the (renerally received opinion among physli'ists that it doei> 
But we think that tho experimental results arrived at by Prof. tyo'. 
dall, as well as some others wt:"»>"^u ^ .«>....,.< i, . i,» ..»>:._wi ■—■—■■ i r. i 
1y hostile to such an opinion. 

of equilibrium depends entirely on the state of aggregation. 
if beat- vibrations consist in excur^ons to and fro across these cc 
then the period ought to be affected by the state of aggrcgatiMK^ 
The higher the tension of the atom in regard to the center, the mor*^* 
rapid ought its movement to be. Tlus is the case in regard to tl 
vibrations constituting sound. The harder a body becomes, or, it _^ 
other words, the more iirmly its molecules are bound together, tbft 
higher is thc^i'fcA. Two harp-chords struck with equal foree wilE 
vibrate with equal force, however much they may differ in tho raptdi^ 
of tlieir vibrations. The ri'jr eiea of vibration depends upon '' " 
force of the stroke ; but the rapidity depends, not on the stroke, 
on the tension of tlic cord. 

That beat-vibratioas do not consist in excursions of the moleculeti 
or atoms Bfrons centers of equilibrium follows also, lui a ncccMaif, 
consequence, from the fact that the real jpocific heat of a body 
maiDS unchangetl under all conditions. \\X eVaneiaXa 'iic w^ 
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■t of a bodjr xre Hue to diOercuces in tho aiuoiuit of heat consumuU 
molociilu' work against collusion or other forucs biodinj' tbt in'ilu- 

eul«e togetber. Or, in other wonlB, to pruduuu in & boJy no other 
dheX tluui B given liso of temperature re<iuircB the si 
force, whaXen ' "' ■ ' ■ 

dm body be ir 

rise of temperature alwaj-s indieates the same quantity of force eon- 
(unwd in t£e simple produi^tion of the rise, how if heat-vibiations 
conoist in cxcureiona of the atom to and fro across a center of ecjui- 
Ebrium exlentfU to itself, as is generally supposed, then the real 
■pecilic heat of a solid body, for example, ought to deereane teith the 
kardnen of the body, because an increase in the slreuglh of the (area 
tuoding tiie molcculcH together, would in sueh a case tend to lavor 
Ibe t^»e in the rapidity of the vibrations. 

Tliesc conclusions not only afford us an insight into the hidden 
nature of heat-vibrations, but they also appear to cast some light on 
the physical constitution of the atom itself. They seem to tuad to 
tlie conclusioQ that the ultimate atom itself is tinentiaHy dtuHc. 
Vot if heat-vibrations do not consist in excursions of the atom, then 
it must consist iu alternate expansions am] eontractions of the atum 
itaelf. This a^in is opposed to the ordinary idea that the atom is 
encntially sobd and impenetrable; but it favors the modem idea that 
Matter consiata of a force of resistance acting from a center. 

BFTECT OF THE COLLISION OF THE UOON AKD THE EARTH. 
If we iioapoe the moon in the course of time, either in conse- 
quence of the action of a resisting medium, or from some other cause, 
to unite herself with our earth, two principal effects are to be dis- 
cerned. A result of the collision would be, that the whole mass of 
th» taoon and the cold crust of the earth would be raised some thou- 
sands of degrees in temperature, and consequently the surface of the 
earth would be converted into a liery ocean. At the same time, tlie 
Telocity of the earth's axial rotation would be somewhat acct^lerated, 
and the position of it« axis with regard to the heavens, and to its own 
■iirfai«, slightly altered. If the earth had been a cold body without 
axial rotation, the process of its corobioing with the moon would have 
imparted lo it both beat and rotation. It is probable that such pro- 
cesses of combination lietween different parts of our globe may have 
repeatedly happened before tlie earth attoinecl its present magnitude, 
WbA that luxuriant vegetation may have at different times been buried 

H«Bd^ the fiery debris resulting from the conllict of its now component 

KfililKS. — J B. Mayer, SiUiman'i Journal. 

PjtBB DISC Kims ATION OF OBGANIC BODIES BY OPTICAL 
FROFEKTIES. 
Prof. G. G. Stokes recently delivered a lecture before the Boval 
Society "On the discriminalJon of organic bodies by their ytlical 
properties," especially by means of the apparatus of Kichhoff and 
Biinai>n, whereby the upectrum of nnv Htiostance may bo produced 
with the greatest facility, — thus affording a teat for the presence of 
n-rtain sulMtances iu compounds, showing their chemical identity, &c, 
^ ^mw of the electric uuup Mid tlio large appuabu of *Cu& «aK«K| 
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be was Me to cxliibit llic results of Lia cxpcrimcnU. He i-eferr^ Id ' 
the rvlatiun of all Bubstitni-ca lc> light 3n<l to llieir diflbmil refrm-Uvr 
Uiil dispersive powers, as nmnifusted in mixtures, poiiiting out bun 
GXi'eedingljr available color ix In clelermining tlie cbemical chuMI-r 
of B body. He first enliibited, bf way of eontraat, an impure spri-- 
tnun produced by the introduution of^a piet-e of silver in the lidii, 
and then the pure, codUcuous Bpcotnim of the lamp ilaelf. Hv Uxo 
showed the varied sctiou of iLe difiereut rays of thv pure spri'tnuii, 
caused by putting In the (lamo a jicculiar salt of copper, — some r«yi 
beiiii; cut off and oUiers rendcrod opatjuc. He next took two bodii'i 
much alike in color. — diluted port wine and diluted bloo<l, — and cshlb- 
itcd their totally dilTerent spectra. In the spectrum of bloo<t cerlaia 
rays were cut ott or obscured, while two dti<unct red bonds wen nuD- 
ifust, — these la«t appeared in the spectra of several mixturcti which 
contAincd blood, and even in biematme. an extract of that fluid. By 
examining the spectrum of salts of iron it wan shown that tlie color nl 
the blood IM not due to the preaenco of that mineral ; it was snggesl-.il 
that it is probably derived from the complex nature of its crystal. 
Prof. S. staled that he had selected blood as a striking cxamnle oflU 
way in which the chemical character of bodies may Iw tcstoa by thvit 
relation to light. 

OPTICAi PilOPERTIES OF THE HETALS. 
M. Quincke's paper on tliia subject, published in tiie PliUotnpkkal 
Magatint a devoted to the transmisHion of lijrhl through thin filnia »I 
nteUl. with especial relation to therescorchef ofForaday, who remarked 
the irremdarity of tlie intensity and color of the light in the sauM 
inctn]. riiia, At. Quincke says, would have been attributed to the 
prcM-ncc of holes in the plate, tf Faraday lad not demoustralvd the 
property of a thin metallic film, viz : that, when placed oblti]ucly 
between two crosacd Nieul's prisms, it illuminates tho plate and act* 
'*just like a gloss plalv." This pro|M'rty. M. Quincke thinks, wad 
first observed by Mr. Warren Do La Kue, with regard to gcdd Icoli 
and afterwards by Faraday in thin transparent jilates of platinum, 
palladium, rhodium, silver, copper, tin, teail, iron, zinc, and aluminum. 
Faraday also found that by emplnyirig rhodium, polarized light, and 
an arrangement of sululialu of liuie plates, other colors than grveu 
could be transmitted by the gold leaf. The details given by M. 
Quincke in regard to his own eijicriments on this subject vv too prw- 
fuund for our pages and we ouly give a part of his results. " Light,'' 
be says, "penetrates to an appreciable depth into the metal, and 
luust also bu retlected back Irom the interior ; for the great ditlbrcncG 
of phase of the components of reflected light seems to be only ex- 
plicable on the supposition that the rellei'lcd r.iy has to pass ihroDgh 
tlic boundary between the metal and tlie medium laying adjaci ' 

travel* fanlcr through gold and silver than tlirouixh a vacuum. IIh 
says, finally, that ho was ntiablo to di'tccl any diiii-rcnce of piuwc iu 
tlx! components of the light which had prcviuuiily iiaaacd through 
tniiisj>iuvat substances such oa pVal^a aC t;VaA«. **TVwn>i{aTe tltu an- 
olagj' Jwtireun metals and irauspan-nHwAii.'S, ^\o>''aA»BC\ti\«ia ^jwiii. 
Ar rulracU-il lijjiit, i* not uiaioUlucA Voi: (uiWiAkA \iij,jX."" 



PHENOMESA I'EODUCED BT JlEVOLVrNQ DISCa. 
Prof. DoTO, soino vcire ft^, obtained a lustroux Kppeamncc hj the 
binocnlar combination of gcomctriral figures ezeiiuttd in black and 
while, or ia compleuu'utar}- colors ; nnd in 1861 Prof, D. Rood ehowed 
thiU gnrfacet without ilrowingB produced the eanie effect, puiilisliiqg 
his expcEuuents in SiUimmt'ii Jnunud. The lattur gentleman, in tlie 
tame jounutl, has just published some additional experiments froin 
which we extract the following: "A circular disc of white cartl- 
tjoard, niue iuchee iu diameter, with half its aurfatt! painted <if a dead 
blark, was caused to rotate bj clock-work at varj'ing rates, while 
the bn'i^t light from a window felt upon it. A stereoscope, rrom 
which tltf ground glass had been removed, was pruviiled with a 
eard-boord m which were cut two square apertures, at such a distance 
uuniler that their binocular union could be easily tfFccted, and while 
tbe disc was at rest the stereoscope was arranged so that through the 
right hand aperture some of the white portion of thu disc was seen, 
and through uic left-hand aperture a part of the blackened surlacc. 
On euinuiunicatiug rotary motion to the discs, a more or less rapid 
altvmalJon of black and white was the result. It was found that with 
slow rates of rotation the strength of the luster was not impaired, 
Mifl it wae just as plainly perceptible with more rapid rates. But 
when the diie was made to revolve so Tast that its surface seemed cov- 
ered by a uniform tint of gray, and the so-called flicki^ring had 
reascd, no luster, in the proper sense of thu term, could be seen, the 
appearance being exactly that which is presented to a single eye under 
amiilar ciremnstances." 

OV THG INVISIBILITY OF NEBULOUS UATTEB, 

The following communication on the above subject has been made 
lij SUlinum't Jtiumal, by D. Trowbiidge, Esq. 

It lias generally been supposed that if nebulous matter, iu the proper 
sense of the word, or cosmival rapor, cxisti in the heavens, and within 
reach of our telescopes, it will be viaible to the eye with suitable opti- 
ral jud. It is proposed to show iit this article, with some plausibility, 
Iliat thi* is an erroneous idea, excvpt in some particular cases. 

Comets arc the only celestial objects, whose physical constitution 
it approximately unileratood, that aSunl ub anything like a distinct 
notiDJt of what nebulous matter is. By far the greater proportion of 
iJiese bodies are composed of materials so extremely rare that the 
■olor rays can penetrate completely through the denser portion ortheir 
lioditu, and the light in gome cases seems to suRer scarcely any dim- 
inution in intensity. Yet these bodies, which perhaps would weigh 
It tlte surface of the earth but a few ounces, or but a lew pounds, are 
■littinctly viaiblo with the amaUest optical aid, and oven, under favor- 
able eircnmstanccB, with the naked eye. Sir John Ilerachel says, of 
thi* claaa of comets, that the most unsubstantial clouds whicJi float in 
the higher regions of our atmosphere, must bo looked upon as dense 
«.nd massive tradics in comparison with the almost spiritual texture of 
These light bodies. A cloud composed oE materials BorKtft,Kn4i«\io?* 
tHntancu £viu as did uot exceed nfteea or twenty miXoa, iiqiM. waicu- 
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It be Tisible, A compt, howGTCr, will be visible wbeo it^ ilistoari 
from us is manir milUonB of nulea. 

What conclusion can ire draw from these facia ? Do they not in<H 
cate that comets do not shine wholly by reflected light? On the ;!. 
of July, 1819, Ataso mnAa an attempt to analyze the light or com<'t.< 



reflectiid eunlight. Similar obscrvotiona on Hallev'a _. , - - - 

more clearly indicated the existence of potatiied light. "Tin-.- 1 - 

tiful Gxpcnmcnta still leave it undeHded, witcther, in adilttiiu^ ii< \l.i- 
rcflected solar liKht, comets may not have liKl't of tiicir own. Kwn in 
the case of the plaiiets, as, fur mstance. in Venus, an evolution of in- 
dependent light secins very probable." • 

"The variable intensity of light in comets cannot always be ex- 
plained by the position of their orbits, and their distance from the 
aun."! After mentioning Arago'a obacrvationa, with his polariscope, 
on Hallcy's comet, in 1835, Mr. Hind says; "Still, the variation in the 
intensity or light is not univeraally such as should follow if the comet 
merely reflected the sun^s rays under certain permanent conditions, 
and WB are under the necessity of looking to physical causes inherent 
in tlic body itself fur an explanation of some few observations which 
apiH'ar irreconcilable with the tieory of reflected solar light."} "Tlw 
inoleeular condition of the head or nucleus, so seldom possessing i 
deRnilc onllbe, as well as the Uul of the comet, is rendered ao much 
the more mysterious from the fact that it causes no refraction. "g 

I have collected these facts together to show that reflected sobr 
light cannot completelr explain, at present, all the phcnonicna of (Iw 
lii;ht of comets. Besides the above observations, it may be added 
that the visibility of comets in the daytime, and even when n<uir the 
sun, also indicates a light-generating process in the comet ; lor other- 
wise we must suppose them capable of reflecting more light than the 
planets. Indeetl, it is diflicult to sec how a body can maintain its 
gaseous or nebulous state nitliout being kept at a high temperatun, 
and therefore, having within itself a lignt-prodneing cause. Aasmn- 
ing, then, that there ii a ligiit-gencrating process that is actira in ' 
eomets, let us see what use can be mode of it. and whether tt will 
afford us any light on the subject of the visibility of nebulous matter. 
" - ■ ■■hed f .- . - 



w a wcll-eatabliahed fact that the heads of comets e 
in dimensions as they approach the sun. This was first noticed liy 
Hevellus, but was not established till many years afterwards. Vfliat 
is the cause of tliis condensation of cometaiy matter as the comet ap- 

E roaches the sun? Whatever maybe tlie cause of it, we know that it 
as a great effect on the visibilitjr of the comet. Is it not possible 
that trie solar rays, acting ehemically or otherwise, excite in the 
romct those principles which cause it to send out iu greater abundance, 
direct light? We know that a comet will increase in brightness with 
great rapidity as it approaches the son ; and also deen'asc m brilliancy 
vrilh Cfiuol rapidity in general, as it recedes from the sun, so that the 
fainter comets disappear in the best telescopes, when, their appatvol 
dimensions only being eonsidercd, they ought to remain visible. The 

•rosmoa, Tol. I. pit. go.ei. BoVni'« ■jAMoo. > Cmmw»,->* V^.l-. 

; iiiofl'B Tn9illac on Coiueti, v- '«. V-jwowm.iAAi ••».«.=. 
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dflatation of the cometary volume seems to prevent the comet from 
sendin? out much li^ht, either reflected or direct. 

Applying these principles to nebulae proper, we must conclude that 
nebulous vapor is necessarily too diffuse, has too little density to be 
▼isible, when far removed from us. According to this, then, nebulso 
can not in general be visible, unless they are considerably condensed, 
and perhaps actually converted into stars. It is perfectly evident that 
the luminosity of nebulous vapor must be very feeble, even where the 
light is inherent. The process of condensation only, then, can render 
nebulous matter visible through our telescopes. Will not this account 
for the fact that higher telescopic power resolves previous nebulae ? 
It is very ddhbtful whether our best telescopes will ever be able to 
bring into view any real nebulae. According to the Nebular H^-potho- 
818, we should not expect to find any large collection of nebulous 
matter in the vicinity of our system, either planetary or stellar, and 
ages may pass before our system, in its progress through space, will 
come near any of the small patches that may exist, so as to render 
them visible to us. 

Note, — ^The influence of the magnetic power of the sun, may be a 
potent cause to render comets visible as they approach the great cen- 
tral luminary. It is a fact derived from observation, that the sun af- 
fects the magnetic needle, and that its period is closely connected with 
the period of the solar spots. It is also known that the auroras influence 
tiie needle ; and that they are subject to the same law of periodicity 
as the solar spots, and thus seem to be connected with solar influence. 
The effect of the auroras is evidently light-producing. 

SRBOBS IN ASTRONOMICAL OBSERVATIONS OF PHYSIOLOGICAL 

ORIGIN. 

A memoir on this subject, by M. Faye, has been recently read be- 
fore the Academy of Sciences at Paris. In these observations the 
human organism no doubt attains by practice to a wonderful degree 
of precision ; yet the eye, observing by means of a microscope, and 
the ear by means of a pendulum which vibrates 500 times a second 
will sometimes fail ; and small errors in time lead to great ones in 
calculation. The human machine is subject to variations due to the 
disturbances incident to the processes of digestion and circulation, 
and to nervous fatigue. M, Faye proposes to substitute for the 
senses, or at least bring to their aid, the two great discoveries of our 
epoch, — ^photography and the electric telegraph. He was led to take 
ap the subject m consequence of M. M. Plautamour and Hirsch detect- 
ing errors, which mi^ht be ascribed to physiological causes, in their 
researches to determine the difference of longitude between the ob- 
servatories of Greneva and Neufchatel. The possibility of suppressing 
the observer has been fully demonstrated at Paris, some years ago, 
in experiments made under M^ Faye's own direction. The process, 
which is of extreme simplicity in regard to the sun, becomes more 
delicate, but not impracticable, when applied to the stars. It consists 
in substituting for the eye of the observer a photographic j)late, and 
in registering electrically the moment at which light is admitted into 
the dark chamber applied to the meridian glass. M.¥2t^^\5ax» Oci- 
tuned ten observations of the sun in twenty seconds. 
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THE MICBOSCOPK. 

It is bardlv correct to say that whsX eyes are to the blind the micro* 
scope is to those who see. There is rtially no comparison between 
UK»e who can not see and those who see only a little. The microscope 
is, in (act, an instrument which assists the sight in the same way as 
short-sighted persons are enabled to sec more correctly than those 
who are long-sifted. The nearer we can place our eyes to an object 
and see it, the better we see. If one person sees clearly at eight 
in<rhes, and another sees as plainly at six inches, the latter will see 
more of the object he looks at. The glasses of the microscope ena- 
ble all ob8er\'ers to bring their eyes closer to an object iihen it is seen 
than is possible for the natural eye. Hence the greit object of sll 
microscope-makers is to construct glasses that shall enable the observ- 
er to get his eye as near as possible to the object. Twenty-fiye yean 
ago it was considered the highest attainment of microscope-maidn<^, 
that achromatic instruments were made which would work with 
lenses tliat were brought within i of an inch of the object looked at. 
Since then, the machinery of the microscope has been greatly im- 
proved, and one of the great microscope-making houses of London 
IS producing object-glasses of -^t of an inch focus. Just in propor- 
tion SLs these glasses are produced in working order, do new ct>ndition8 
of matter unfold themselyes to the observer. It is hardly possible to 
conceive of anv instrument producing more wonderful results than the 
microscope, wfiich, by enabling us to see better, deyelops the extraor- 
dinary powers that arc possessed by the human eye for adding to the 
facts wfiich constitute the basis of those general laws which are the 
sciences of natural history and physiology. 

Although the microscope reyeals the minuter conditions of tlie 
existence of mineral Ixxlics, there is a repetition in the forms of these 
bodies, and a resemblance between the forms seen by the naked eye 
and those revealed by tlie microscope that renders this instniment of 
less use in tlie inorganic kingdom than in the organic kingdom of 
nature. It is in the detection of minute forms of plants and animals, 
and in the unraveling of the minute structure oi the oi^ns of ani- 
mals and plants, that the microscope has rendered so much service to 
science. A whole creation of minute plants and animals, having dis- 
tinc!t organs and performing yaried functions, has been added to our 
knowledge by the aid of the microscope. I-iCt any one turn to a sys- 
t(*iiiati(; account of the vegetable kingdom, and it will be seen that 
there are whole families of plants recognized as members of that 
kingdom whose existence can only be made out by this instnunent. 
Such are the diatoms, the desniids, and the yolvoces. Amongst the 
conferva;, the fungi, the fuel, are whole tribes which could only have 
been thus discovered. If we turn to the animal kingdom, a like series 
of families is there found. The rhizopods, infusorial animalcules, 
and other families are only known by the aid of the microscope, whilst 
small forms of larger groups have been abundantly demonstrated. 
The fascination of observing and describing new species has deyel- 
oped itself here, as in other departments of natural liistorj', and hun- 
wsdSf nay, even thousands, of new s\^<ic\\;a o^ wAViT^i-^vi^iv^^: ^Igjita and 
iauda bkve been discovered aud deambviOi N\\X»xi>Xvvia<i\ajsX.'li^ ^^»3%« 
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3 diacoverica lu'en the mere nmugemeni of ilili'ltanti 
Tlie observation of Ihi-sv minute forms of lifu has led 
. Tci^t and satUfai'l^ry knowli^ilgc ol the nature and forma 
of liightrr and more visible creations, and there are no botanistu or 
loologists in Ihi? prcsfut century »ho, like Linnsus in the last, would 
rt-jcct (he microsi'ope as iutcrfcriue with the natural history and 
in-angcnient of those creations which arc viaitile to the naked eyu. 

But Uic liringiug to light of new forms of animal and vegetable lifo 
i^ perliAps the least half of what the inieroscope has done for science. 
In pemuCtinj; observations to be made on the minute structuiv of the 
nita of plants and animals, it has given a deeper insiirht into the 
bwa by whic'b they exist and tJie nature of the upecial fiuiclinrui tLcy 
He destined to jxirlbrm. Let any one eompare tljc physiulo^fy ol 
SS j'esTs since, as given in the manuals of that day, withwlialit isuow. 
Il will be »een at once how vast has been the progress made. Al- 
tbongh Malpichi Gnit saw blood-cells, tbe reseanhes of modem 
microsropists lia«e given correctness and precision to our present 
knowledge of that great source of animal life, the blood. It is to 
the start given by Schleidcn, through his microscopical researches, in 
18S8. in the nature of vcgetsble cetls, so ablv followed by Sihwann, 
in ■ series of kindred researcbes in ajiimal cells, that tlie great Sfieni'O 
of histology owes its existence. It is in the changed nature of the 
cells of the living tissiin that the pathologist looks for the expoiiilion 
of llic true uature of disease ; and although the slovenly practitioner 
of medicine may not be aware of the cause, the views of disease, 
whicli are modifying the practice of medicine every day, are mainlj 
owing to the foimation of more correct theories of disease under the 
infiuence of the microscope. 

The history of the nianuractnre of this instrument is curious. Not 
above Si'i voatB ago, when the London Microscopical Society was Gnrt 
establishetl, it was customan' for the President of tliat Society, in his 
Annual Address, to state the number of microscopes manufactured 
by the great houses in London in the course of the year. Tliia prar- 
Uce has long licco discontinued, as many houses turn out miiToscopes 
bv the thousand in the course of a single year. By this demand, too, 
the instnuucnt has been vastly reduced in price, and the great opti- 
cians irbo still manufacture microscopes that cost £100 when com- 
jilefe, sell instruments of great cKtollcnue at, the low price of live 
guineas. — Londun Athanxum. 

MICROSCOPIC GTRUCTURE OF IBUN AND STEEL, 
At the liritish Association, 18r.4, Mi . H. C. Sorliy c](hibited " Micro- 
scopical Photographs of various kinds of Iron and Steel." He linst 
dcwribcd the wanner in which the sections of iron and steel arc piv- 
parcd for microscopical examination. The final process fronsisls in 
acting with very dilute acid on level and neifectly polished surfaces, 
showing no scratches, cvon wlicn examined with the microscope. 
The acid, acting on the diRercnt consliliients, or on diffcreut crystals, 
in a variable manner, causes the structure to be exlubite<l in v(^ 
);i-i'at perfection, by various colors or tints, lie tlien explained the 
— ■ ._. ]|^.^ui^.|( [„ taking enlarged photographs direct from the 
tu- Med, sadexbibitndihWsnn^jBiftnpi^aiiA 
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under Lis directions, illustrating tiie tnrions sUgea in ihcW tn 
ture. In the auc of cast iron, the pLotugraplu eLow thu ^ 
and sevi^ral diOcrcnt compunnds of iron carlxHi, *m well u pure ir 
In wrought irun, the character of tlie crviitali and the arnuigLtiwiit uT 
the ebg are well dccn, and the change in the convlituents autl in ttiv 
■tructure, which occurs wheu it is converted into steel, is vei-f tti'i^- 
ing. Other pbotograpliE show the change in structure produced bj J 
melling and Lanuuering b(«cI. Some meteoric irons have a itnictur 
very diSerent from that of any of these artifiinal itDns, as abuwa l(| 
another photograph. On the whole, then, when such sections arc th 
ciimiueU, we may »ec moat clearly the cause of those peculiantkafl 
physical atracture which give rise to tlie different kinds of il~ 
chaincteristic oI'diflcreDt sorts of iron otid Mvi>l, and which ai 
malely connected with those properties which make eauh variety a 
or less suitable for special purposes. 

SCULPTUEE BY COLOKED LIGHT. 
A Special attraction of a recent evening assembly at the DncicAl 
of Wellington's in Tendon, was a i>eculjarly novel of /rncncxhibitiGik T 
consisting of the ligbting-up under various effects ol color of * ai 
bcr of choice works of sculpture arranged iu the §:arden at Iherearol 
(he mansion. These works included copies of Gibson's " Vemife" 
Thorwaldsen'e ideal rendering of the some goddess, Powers'* "GrtA 
Slave," and others, The illumination of these beautifiil work* of UIi 
incluiling the foliage of the trees and shrubs amid which tber wen ' 
placed, was under the superintendence of Professor Pepper, wlw »»■ I 
propriatcd to tliis purpose large voltaic batteries arranged onOrvm 
principle, which were connected with lamps and pai'abolic reflectors, 
constructed by Itl. Serrin of Paris. The colon ap])lied to this object 
were vivid shades of red, amber, blue, green, and whilj.^ the etci^ 
changing and lloating be&ms of colored Tight on the various groups 
producing a most eborming effect. — LvudoH Tiaiei. 
ABTIFICIAL KAINBOW. 

The Cotmoi speaks liighly of J. Duboscq^scontHvaiicefor imitating 
a rainbow in a (rcneh thcnlrc. He employs an electric liebt made. by 
100 Bunsen elements. Its rays arc transmitted in a parallel direction 
liy means of a lens throuftb a slot in the form of an are, to a double 
convci lens of very short locus, from which the mys pass to a prism, 
and emerge with sufficient divergence to make an effective ratnbow. 
during the ordinary illuniimition ortbo stage, on a screen IB or 20 feat 
distant. 

THE 
Mr. St. John adverts to the wonderful capability which trout . 
sess of adapting their color to the color of the water in which tbey* 

C laced. '■ I'ut a living black bum trout," be says, "intoavH .. 
asin of water, and il becomes, within half an hour, of a light color. 
Keep the fish living b a white jar for some days and it becomes ab- 
aoluteiy white, but put it into a dark-colored or black vessel, and al- 
lliough on first being placed there the white-colorcil fish shows 
conspicuously on the bhiek ground, in a<\uMWrof anlioiM I 
■ MM daric-cohred as the bottom ot t\«5 JAr, an4 tonaeipQWi^ 
•"b Meea." 
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■lnr«, separated only by a Ion nilgc of laiiU. In tlic imc — whicb i» 
lid) of ilark moss water — the trout are nearly black ; iu tliv other, 
wImow the l)«d of the loch is liiiicstonc, and the vat«r so cluar th.it 
von csn see the bottom where it ia 40 or SO feet deep — tiiey are al- 
most IS silveiy in color as sea trout. Loch Brora, too — suother 
T>ii*k in tlie same eountry — iLlTorUii a further corroboration of the truth 
1.1' Mr. St, John''8 observationtt. That loch is divided into thrte 
lioets of water, united by narrows, where the lake a.'<suniC8 the op- 
; ./ .inuici; of a river. In the upper part, where the bottom is sand 
liii'l fine Eravel, the trout are «lcar in color, with bright vermilion 
'[M)Ui; in the cetural division, where the bottom is not ao dean, and the 
^^,lte^ darker, they arc also dark in color, and their upots are not bo 
Iri^ht ] while in the lowest division of the lake, where the bottom is 
si.TV mu'ldy, the trout are quite black and ugly, though oi a larger 
sIzL'. — Fraaer't Magna ae. 

MOTIONS Of THE EVE IN RELATION TO BINOCULAR VISION. 

The motions of the eye can he compared to those of our arm. We 
wn rase and lower the visual line, we can turn it to the left and to (he 
ti^ht, we r.an bring it into every possible direction throughout a certain 
Tjnge — as for, pt least as the coimections of the ejelmll permit. Bo fur 
the motions of the eve are as free as those of the arm. Rut when we 
have chosen env determinate direction of the eve, cin we turn the eje 
riund the visuaT line as an axit as we can turn tfie arm round its lon;:ilu- 
dinil axis? This in a quesliun the answer tn which is connected with a 
curinus peculiarity of our voluntarv motions. Yes: there exist muscle* 
bj- the action of wWch those rotations round the vi.ual line can lie per- 
fiinned. But when we a^k, can we di it bjr anv act of our will? We 
matt answer " No." We can voluntarily turn tde visuiil line into every 
iios-'ible direction, but we cannot voluntarily use the muscles of our eye 
III such a way on to turn it round tlie vi^uil line. Whenever the ui- 
rection of the viiual line is fixed, the position of our eye, as Utr as it 
depends upon our will, is completely fixed and cunnot be altered. 

A NEW STEREOSCOPE WITHOUl^ LENSES. 
In the Nuovo Liiurei, M. Volpicelli dcHcribes a new stereoscope in- 
Tcntfd by him in Ajiril, lSo4. This stereowiope is without mirrnrs 
or lentes. and consists of a reclan^lnr hnriu>nral box, whose jirnpor- 
tioni are bs follows: hight 11 cenlim. (4 3 inches); depth 30 CGntim, 
(S incliCH) j length 62 ceniim. (2-l'3 inches). The two Htereoscojnc jiictures 
are placed against the bock of the box; in the front of the box two boles 
arc tiorcd opposite the middle of the picture^. Two diaphragms made 
of pUlm of blackened wood or cird board, of the hight of the picturei 
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made to rotate around vertical axes corresponding to the front 
. ^Bs; and are so ndiusied that tliey allow the right eye to see only the 
left jHCtiire, and the left eye the right picture. It follows that the n 



the pictures are Keen cross each other wiihiii a certain space ir 
middle of the box, and in ihia spicu, after a \\\\Sx ul&iil^ the e^es set 
-' - - relief. 
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If after the relief Is neen the i]ia|ihi«fiTn» nre turned armind their a: 



—the e' 
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: the «i<leK of the txii, nnd n 



I 
I 

I 

L 



lung to 



itfw the piclur 
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wting phyaioldgioU iihenrmcnim will be Been. There will be re 
[lictures — one in ihe mlitiite of the inrtrument, in relitf, the othu' 
hide, snd by no effnrt of will can the middle picture be made I 
pear. If ine picture* be of compleinentBry color", thpy will be wen 
iheir Dim colors, and the relief will be while. Those whi 
tamed to oUervotian nt optica! pheniimiina will require 
to »ee the relief at first, but it will ^nerally be found by looking iitlen- 
lively at about the middle lof the box. When ouce aeen it maj' ' 
recovered without any ditficultj. — Connos, 

DCSCKimON OF A NEW OPTICAL INSTRmiRST CALLED TBB 
■K," BY W. T, 8BAW, OF ENOLASiD. 
application of the principle of Ihe sIcreoicojM 
its Turioualy termed tliuuiiia tropes, pluinla- 
&c., which dfpend lor tbeir resulla on " per- 
iL'se instrumenta, as is well known, an object 
ivolving disc, ' '' ' ' '"' '' 



This 
to lliat cloaa of 
(icopos, plienakia 
aistcnce ofvieioi 
represented 



s 



'Xthi.-a 



in peribnning a given revolution, ia seen to cxeeuto the moveniunt 
delineated ; in the stereotrope the effect of BolidiCr ia superailded, 



'h£r* 




that the object is perceived aa if in motion and with ■ 

relief as in nalun^. The followini; is the manner in whuli I odsftl 

this purpose the refraeting form of the stereoscope. 

tuving procured eight Et«reosco[HC pictures of ao obji 
steam engine for example — in the aucccaaive positions it ai 
completing a revolution, I ollix them, in the order in which they 
taken to an octagonal drum, which revoWes on a horizontal ax' 
neath an ordinary lenticular stereoscope, and brings thcin attt 
another into view. Iramediatclv beneath the lenses, and with it 
situated lialfan inch from the piniic of sight, is S.icd a solid cfli 
four inehes in diameter, capable of being moved freely on its axis, 
■•ylinder. which ia called the eye-cyUndcr, ia pierced throuchont 
entire length (if wo exi'cpt a diaphragm in tlie centre inserted for c 
vio us reasons) by two apertures, of such a shape, and si 
lively to each other, tliat a transverse section of the cylinder si 
them as conci, with their apices |x>inting in opposite direction*, and 
(rith tJicir tiea parallel to, and distant half an inch fmm, the diame- 
ter of the cylindiir. Attached to the axis of the eye-cylinder ia t, 
pTilley, exactly J the size of a similar pulley affixed to the axia 
of the i«cture-drum, with which it is connected by means of & 
less band. Tlie eve-cylinder thus making four revolutions to one d 
tlie picture-dnim, it ia evident that the axes of its a^rturca will a 

speetively coincide with the plane of sight four times m — ' *•■ 

Involution of tlie instrument, and that, consequently, 
permitted eieht times or once for each picture. 

Tite cylinder is so placed that at the time of vision the lar^ ei 
of the apertures arc next tlie eyes, the ellect of which is that wl 
the tnuUl ends pass the eyes tlie nxvs of tlie apertures, by n 
ton of their eccentricity, do not co'nwiAe ^v\* ttw \>VuiiealH^)L,«i 
taioa u themibrc imposaible. IS, \iowe\ct. ^ilc ■^sviui 
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der be reversed end for end, vision will be ponsible only when Uie 
nnall vada are oejLt the eyes, and tb» anglu of the aptrture will be 
fband to tobteud exactly tLe pencil of r^ya tuining from a. picture, 
wiiicfa ia so placed as to he bisucUd nt right angles hy the plane of 
•iylit. Uenee it follows that, the former arrau^ment ofthi? cylinder 
boing rcretted to, tlie observer looking along the npper side ot' the 
■pL-rture will see a narrow ctrip extending along the top of the pit- 
Itiiv; tlu'O, moving the cylinder on and lookins along the lower side 
i) the aperture, be will see a similar atrip ai the bottom of the nieture ; 
< uiiseqnently, in the intermediate positions of the qierture, tlie other 
]>.'irts of the picture will have been projected on the retinie. The 
Hiddi of these strips is determined by that of the small ends of the 
apertures, which measure '12o inch; and tlu: diameter of the lai^^e 
vnila is l-H incbcs, the lenses being distAnt nine inches from thepie- 
tiavs. The picture-druin being caused to revolve with the requisite 
rapidity, the observer will see the steam engine constantly before him, 
its position remaining nnchanged in rcspcet of space, but its parts 
will appear to be in motion, and in solid relief, as in the veritable ob- 
jcrt- The stationaty appearance of the pictures, notwithstanding iha 
(aet of tlieir being in rapid motion, ia brought about by causing their 
currespondins parta to be seen, respectively, only in the same part of 
apace, and that for so short a time that while in view they make no 
sensible progression. As, however, there is an atrtual progrvasion 
during the instant of vision, it is needful to take that Diet into account, 
— in order that it may be reduced as far as practicable, — in regulatin? 
tlie diameter of the oyc-cylitider, ood of the apertures at their amall 

ON ARTIFICIAL ILLUMINATION. 

Prof. Frankland, in a recent lecture before the Royal Institution, 
T^nilun, gave the following as the conditions necessary for a good 
and satisfactory artificial light. In the first place, the light should 
contain all colors ; that is, it should be capable of showing every va- 
riety of tint wliich will be exposed to it. This is the case with the 
carbun electric light, and that of candle, oil, and gas flames, since the 
lijlht from these sources contains all the colors of the spectrum. But 
ilierij ore many colors which the mercurial electric light is incapable 
of Elbowing, since thev are absent ^m its spectnim. It was also 
phown that all pure colors, except yellow, were perfectly black, when 
feen liy tlie light of incandescent sodinm vapor. Solar light, although 
ill BD many respects superior to artificial light, ia defective as reganla 
the- showiiie of colors. There are certain colors which cannot be seen 
by solar light, — lor instance, all the color which can be seen by tlie 
sfxliuin flame is quite invisible by daylight. If a pigment could be 
made of such a yellow color as to be of exactly the aliado ot that pro- 
duced by the soiliiini flame it would bo absolutely block in solar light. 
But our pigments ore all mixetl colore, and no such pigment which 
thus entircij' disappears in the light of the sun is known. But in ad- 
dition to this tint of the sodium flame, there are hundreds of other 
tintu which are also not present in the solar apeetnim, and which are 

^varr/)uvatly itivUible in daylijrht. 

k Although toiar light ia inferior to anifida\ ^igVl \ii V\ie Mnii\\t\Ri- 
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ness of its colors, yet, in anotlier respect — ^in the comparatively snudl 
amount of heat which accompanies its rays in proportion to the li^ht 
itself — it is greatly sui)erior to every sort oV artificial light. The 
great amount of heat in our artificial lights is absolutely useless, it 
IS nearly all intercepted by the humors of the eye. 

DISCOVERY IN PUOTOMBTBT. 

It is the established practice in measuring the light of illaminating 
gas to compare the light of a five feet Argand burner with that of a 
spermaceti candle burning 120 grains an hour ; and when the candle 
used bums less or more than the 120 grains it lias been regarded as a* 
matter of course that the light would vary in the same proportion. But 
scientific evidence recently given before the committee of the House 
of Lords, in England, on the bill of the Birmingham Gas Company, 
respecting the illuminating power of the gas supplied by the two ex- 
isting companies in that town, has shown that a candle burning a lai^ 
cjuantity of spermaceti, yields more liglit in proportion to the matcnal 
consumed than a candle burning a small quantitv. The Journal of 
Gas Lifjhiing (London), after giving a full liistory of the case, 
remarks : — 

** These experiments demonstrate that the illuminating power of 
burning -candles increases in a greater ratio than the direct propor- 
tion of the consumption of spermaceti. It has long been known that 
the illuminating po%ver of gas iiicreases in a greater proportion than 
the quantity consumed, but we believe it had not been previously 
known th:^ the same law operates in the combustion of candles. It 
is evident, from the results of the photometrical experiments with the 
gaa supplied by the Birmingham companies, that no correct conclu- 
sions can be drawn from proportionate quantities of either the gas or 
spennaceti consumed, inasmuch as the amount of light is influenced 
by the quantity of combustible matter burned within a given time. 
It has been suggested that some rule may be established by which the 
influence on the light of the flame, produced by the relative quantities 
of spermaceti undergoing combustion, maybe determined and allowed 
for. Thus, it is probable that — afler the proportions have been 
reduced to 120 grains consumed per hour — if one per cent for each 
grain of sp<irmaceti the candle may consume per hour less than 120 
grains, be deducted from the indications of the photometer, and if one 
per cent be added to similar indications of tlie photometer for each 
grain the candle may consume more than 120 grains, the results 
attained would not be far from the truth. But until the subject has 
been further investigated it would not be safe to assume positively 
that such a scale of compensation would be correct. The new light 
which these experiments have thrown on photometry, shows tlic neces- 
sity for the adoption of some more certain standard of comparison 
than a spermaceti candle, the consumption of which it is impossible 
to regulate with accuracy. The Carcel lamp— which is similar to the 
* moderator ' lamp — ^is adopted generally on the Continent as the 
standard of comparison, and it possesses these advantages, — ^the con- 
sumption of oil mav be regulated with the greatest nicety, while its 
fjamc approaches in luminosity tVuvt ol Tv\tv^ eaL\i^<(^%. K\. ^^ ^^sctci^ 
time, It must he observed that the lamp-meV T^io^vc^^ \gwi^\. ^xxkoSul^xu 
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and the shape and size and position of the chimney have much more 
influence in effecting | erfect combustion than the chimney of a gas- 
flame. The difficulty of attaining a correct indication of the illumin- 
ating power of gas by comparison with other flames points to the 
adoption of the atmospheric test, invented by Professor Erdmann. 
By that instrument, neither photometers, nor candles, nor blackened 
chambers are required, the illuminating power of the gas being deter- 
mined by the quantity of atmospheric air mixed with a given quantity 
of gas before it ceases to give white li^ht. Such a simple method of 
testing the illuminating power of gas nas pectdiar claims to favor at 
the present time, as the difficulty of attaining accurate results by pho- 
tometrical observations has been shown by the Birmingham experi- 
ments to be even greater than before supposed/' 

Increasing the Illuminating Power of Gas, — ^The edit-orof the San- 
itary Reporter (England), in an article on testing gas, says : ** The 
following are distinct modes of increasing the power of an argand 
burner consuming ordinary coal-gas: 1. Contracting the central 
opening to about "45 to '5 of an inch diameter. 2. By a perforated 
disc round the burner, and resting on the gallery which supports the 
burner. 3. By interposing a thin piece of paper or metal to con- 
tract the passage of air through the central opening. 4. By placing 
a little contracted cap on the top of the chimney. Now, every one 
of these contrivances will considerably increase the power of the 
argand burner. Moreover, all these contrivances act on the simple 
principle of diminishing the velocity of the current of atmospheric air, 
and thus allowing the minute particles of carbon, which the gas con- 
tains, to be longer suspended m the flame.'* 

ON THE CHEMICAL AND PHOTOMETRICAL TESTING OF ILLUM- 
INATING GAS. 

At the last meeting of the British Association, Prof. W. B. Rogers 
of Boston, described the instruments and methods which have been 
lately adopted in the ^as inspection organized by law in the State of 
Massachusetts, comprising the measurement as well as testing of gas. 
Connected with the former of these objects, an account was given 
oi' the adjustments of the standard measure for gauging gasholders, — 
of a universal clamp for meter-connectionis, — ^and of an appendage 
combining a delicate thermometer and pressure-gauge for the inlet 
and outlet of the meter, and by which the rate of delivery is accu- 
rately adjusted. For chemical testing, the eudiometer, consisting 
of a graduated tube, with cylindrical enlargement, is permanently 
inclosed in a wider tube flill of water, which maintains the temperature 
nearly uniform. The mouth of the graduated tube is furnished with 
a hollow ground stopper, for holding the several liquid absorbents 
used in the successive experiments. With this apparatus it is easy 
to determine the percentage of carbonic acid, of illuminating hydro- 
carbons, of oxygen, and of carbonic oxyde ; after which the hydrogen 
and light carbureted hydrogen are ascertained by explosion, by 
means of an instrument consisting mainly of two glass tubes, united 
below by a long loop of rubber-tube, being a modification of Frank- 
bmd^s apparatus. For determining the sulphur, an improved arrange- 
ment is used, in which the stream of water supplym^ t\i<& \a<^\s^^ 
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condenser ii made to convcj a stream of tar, mingled with ammooiav 
into the condensing tube some inches above the Hame of the banung 
gas. To secure alargcr and more constant unit of illumination than 
the candle commonljr used, a lamp burning kerosene, with a flat wick, 
is employed, in which, hy means of a bridge of platinum wire, the 
flamo may be maintained of constant size, and giving a light equal to 
about seven candles. This is supported on a bamnce of peculiar 
construction, giving the consumption during the experiment. Prof. 
Rogers had found that even the small amount of carbonic acid which 
in some gas-works is allowed to remain in the gas produces a sensible 
reduction of the light. This effect, vaiyins with the strength of the 
illuminating gas, was found to range from three to nearly five per cent 
of the illuminating power for each per cent of the impurity : 68 per cent 
of carbonic acid, although it did not prevent combustion, made the 
flame so dim as to be wiuiout clTcct on the photometer. 

LUMINOUS AND OBSCUSE RADIATIONS. 

Professor Tjudall, in a paper in a recent number of the PhUosophieal 
Magazine^ after referring to the discoveries of the Herachels and Mel- 
loni, respecting the obscure red rays of the end of the spectrum, sa}'s : 
Dr. Akin inferred, from the paucity of luminous rays evident to the 
eye, and a like paucity of extra-violet rays, as proved by the experiments 
of Dr. Miller, that the radiation from a flame of hydrogen must be 
mainly extra-red : and he concluded from this that the glowing of 
platinum wire in a hydrogen flame, as also the brightness of the Drtini- 
roond light in the oxyhydrogen flame, was produced by a change in the 
period of vibration.'' Dr. Tyndall adds, that by a different mode of 
reasoning he arrived at the same conclusion. The paper referred to, con- 
tains a description of his numerous experiments demonstrating the char- 
acter of the radiation from a h\drogen ti ime under a variety of conditions, 
the apparatus employed, and the results obtained. We select a few of 
the results. Fifly experiments on the radiant heat of a hydrogen fla.ne 
make the transmission of its rays through a quantity of iodine, which is 
perfectly opaque to light 100 per cent. To the radiation from a hydrogen 
flame the dissolved iodine is therefore perfectly transparent. It is also 
sensibly transparent to the radiation from solid bodies heaved under in- 
candescence, and to the obscure rays emitted by luminous bodies. Prof. 
Tyndall found that, dividing the radiation from a platinum wire raised to 
a dazzling whiteness by an electric current into 24 eq*ial ports, one of 
the;ie parts is luminous and 23 obscure ; dividing the radbtion from the 
mo>t brilliant portion of a flame of coal-gas into 25 equal parts,— one of 
these parts Ls luminous and 24 obscure : dividing the radiation from the 
electric light emitted by carbon points end excited by a Grove's batter}* of 
40 cells into 10 equal parts, one of these parts is luminous and nine obscure. 
We have space only for the following remarkable conclusions : " On a 
tolerably cleor night a candle flame can be readily seen at the distance 
of a mile. The intensity of the electric light UFed by me is 650 times 
that of n grod composite candle, and as the non-luminous radiation from 
the coal points which reaches the retina is equal to twice the luminous, 
it follows that at a common distatce of a foot the energy of the in\*isible 
riys of the electric light which reach the o\\Uc T\wv^,h\it tM« \ncQm\}ctcnt 
io provoke vitdon, is 1,300 tames th:xl ot \\\^i \\^\. ot «.^sajcv^^« ^>ax^'t^ 
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infensUy of the candle's liRht at the diRlance of a mile is lestf'than a 20,- 
<aMI,000of its inteiiHly at thp dintince af n font: -henco ihe energy 
nhich lenders the candle jicrrrctly TJsible a mile afT would hare lo Lia 
iiitiltipliwi by 1^00 X 20,0i;0,000, or bj 26,000,000,000. to bring it up 
ii' (he iatenuty of that powerlesB radiiition nliich the eye receives from 
tl.e electric light at a good distance. Nothing, 1 think, could more for- 
cilily illui'trate the (pedal relationship which aubiists between ihc optic 
nerve and the oscilUting periods of luminous bodies. The nene, like a 
miKicsI siring, rpsponds to the periods with which It is in acrnrdnnce, 
while it refuses 1o be excited hy others of voBtly greater energ)', which 

Opaeitj/ and Traimjiarency. — What is the physical meaning of opac- 
ity and Iransparcncj: as regards light and rndiunl heal? The luminmin 
rayi of the ii|iectruDi diifer from the non-luminous one:', simply in period. 
The Kensation of light Is esciled by wavea of elhcr, shorter and more 
quickly recurrent than those which £ill bejond the extreme red. But 
why should iodine Atop the former, and allow the latter to paeip The 
aniwer to ihis question no doubt ij<, that the intercepted waves are those, 
whole periods of recurrence coincide with the periods of ostillatlon jiosHi- 
ble to the atoms of the dif^soked iodine. The elastic forces which ncp- 
■nted these atoms are such as to compel them to vibmtc in definite pe- 
riods i urd, when these perioda synchronize with those of the ethwiil 
waie*, the latter are nbsorbed- Briefly dtfincti, then, transparency in 
liipiidt OS well as in gases, is synonjmous with dixcord, while opacity la 
sMionymous with accord between the jjerli'ds of the waves of ether and 
iliose of the molecules of the body on which they impinge. All ordina- 
ry' transparent and colorless Kub.stances owe tbelr trauEparcncy to the dis- 
c rd which exists between the oscillating periods of their molecules, and 
those of the waves of the whole visible spectrum. The geneml discord 
of the ribrating periods of the molecules of com])DUtid Indies with the 
lighl-^ving waves of the spectrum may be inferred from the prevalei ce 
of the property of twospBrencv in compouodB, while their ^ater har- 
mony with the extra-red periods, ia to be inferred from their opacity to 
.1 _ . — g.j^j „j.g_ ■\Vuter illustrates this transparency and opacity ir 



the most striking manner. It Is hl[{bly transparent to the luminous ruys, 
•bich dt-monstruiea the bcompetency of its molecules to oscillate in Oie 
|>eria[ls nhich excite vision. It ix as highly opaque to the ei 



dulutions, which proves the synchronistn uf its periods with those of the 
longer waves," — rroj'. Ti/iidtUl. 

THE PHYSICAL ABPECT OF THE BUN. 
In s paper on the above aubicct, read before the British Assoda- 
rii'n at Its last meeting, the author staled that he bad recently, with 
iiLiproved int^runicnts, taken many occasions of scrutiniziug the aspect 
nl iliu sun's disc in regard to spots, faculic, and the general porosltf 
"I the surrai.-e. For tracing the p.ith of a spot across tho disc a 
Kiincr eve-piece was employed with "five engraved transit lines tho 
iriU-rraJs being equal to 1<^ iu the central part of the Eim's drcumfer- 
I'lK'c. In drawing, negative eyc-picccs of iLc ordinary kind were 
tdnietimcB cmployeil ; at others, a peculiar kind arranged by himsi'lf, 
with powvn raryinf; from 75 to 3O0 ; the Wrt ^lirfonvajicc* \«-m\^ 
atuallj' betvretm iOtfandSOO; the higher powi;re,boTie\M,\i>iu,\itwi- 
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ranonaOf iMeful lovirdj ibe limb of tli« sun. tie dwinibed tfcs 
l>ri;;ht Ein-aki or CirulK u of <liicniG«il fonn ind dutin<t oalliue, 
ci(lH-r CDlirvIr aepante or coiles'.'ing in Tuioui wiv* into ridj:i:a anil 
Ddvoric. ^\ ben Uie spots became imrinblo aetr ibe limb. tl»r ui»- 
duUt^ (hining ridge* aiicl folds itill indieUed Uiar place. tM^■^g mora 
n-ioarkable thereabout than ebtwliere on the linib, tJiougfa alnioet 
(■Kwywbere traccablp, in good obaening weather. In a diaCTWS 
made on the 29th of March laiit, facnlc are shown in the moiit brilliant 
parte of the nm. They appear of dl magnittiiUu. from barely dia- 
t'lntible, wiftly-gleaining spoU a thoui^and miles long, to ixintinuous, 
(-..iiiplicatc-d. anil bcapcil ridpcs 40,(iyi) and more miles in length, ami 
l.iJW) to 4,000 mife« and more broad. They arc Be»er rugularir 
arcln-d, and never found in stral^t bands, but always devioui and 
luiiiniely undulated, like clouds in the evening sky or verjr distant 
ranges of snowy monntalns. Wlien minutely studii-d, the ndgea ap- 
pt'or prominent in cunps and depressed into hollows. By the frequent 
ineelin-r of the bright ridges, spaces of the sun's rirfJicc are iurfuded 
nf vanoua mAgnitudcs, and fermB aoniewhat corresponding to the 
areas and forms of the irregular spots with penumltrc. Kidges of 
thii bind often embrace and inelosc a spot, though not very eloaely, 
the spot appearing more eoospii^loiis froin the surrounding brightness; 
biit somebmci tljere aj>i>ear9 a broad white platform round tic spot, 
and from this the white crumpled ridges pass in various directions. 
Toward* the linib the ridces appear nearly parallel to it : further off this 
character is exchanged tor indeterminate direction and lessened dis- 
tinctness ; over the rest of the surface thcj are less eonspicvous, but caa 
toe traced as an irregidar network, more or leas designated by that struc- 
hire which has been designated as porosity. The fuculae preserve tbeir 
shapes and position, withno visible change during few boure of obser- 
vation, and probably for much longer periods. Tltey do not appear lo 
project beyond the general etreular outline of the sun, a circumstance 
which the author cjtpluns without denying that they actually do rice 
aliuve the general surface, whether aa clouds or mountains, to i^tbcr 
of which they may be truly likened. In resjH-ct to porosity, the 
author had also devoted muVh time to a scrutiny of the interspaces 
between the Tacula: towards the limb and tbe general siu&cc 
towards the interior of the disc. TowanU tlie interior the ground 
artjuires more evideitt lights and shades, a sort o( granulation difficult 
to analyxe. Under favorable conditions for ob^rvotion, thcra ap- 
pears little or none of that tremor and internal motion described by 
earlier observers. What is then seen is a complicated surface of in- 
temijited lights and the limits of which appear arched or straight or 
cotifiued, according to the case ; and the indeterminate union of 
these produces sometimes faint luminous ridges, the intervals filled 
up by shaded int<.'ntices and insulated palehos of illuminated surface. 
Tlifi t>cst rcscniblan<'e to these romplicaled small surfaces of light and 
shade he liad been able to procure was s disc of a particular sort of 
white jiaper placed near tlie eye-end of the telescope, and seen by 
transmitted bght. Heaps of small fragments of white substances, not 
no imiloTm in Bgure or c<iu&I in size as rice groins, might alao l» j 
m'ggcsuvi for comnariBon. 
Origin qf Solar Spots. — Sir Jol>nU«Tsc\ic\,\tiBnKrta<ift"«iTKtl 
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Irrly Jnurnnl nf Science thrown onit the Bu^gostion, whetUer the orig- 
iThii vsnling cBUse of aolar spoW may Qottt fomiil in tLc cin'Lilation 
I an ullipUi-ringorpliuietiu-v mfttter.iDSBtatcordivleionsulfidcnlly 

lite to elude telescopic Titiun, hsTtn); a major axia such as would 

■ Treipond to an average period of 11^ veara, and an eccentricity 
■ij'h ss would brine its perinelion within tne region in qupBlion ; the 
niaUer of tlie ring being unequally distributed over its eircuit with a 

tbui its semi-eircumrerunce. By assuming certain conditions as to 
ibe doDMitotioa of such aring, and the extent of deviation from an 
isact quantity in the periodic times of its component elements, he 
inda that not only the shorter perioil of 11^ years in the recurreuoe 
•r spots (int detJ^rmiDed, but also the longer one of oG years insisted 
npoti by Dr. Wolf, aod various other changei, are susceptible of espla- 

Chemical Artion of Bay» pTor^eedins from difereni Part* of the 
8im'i Disc. — M. Secetii having shown that the licat radiated from the 
fenter of the sun is nearly double that from its borders, an'l that the 
equatorial rc^ons are somewhat hotter tlian the polar, and varioui' 
observers having noticed a great diffcirence in luminosity between tiiQ 
center ani] the edge of the iLsc, Mr. II. £. Roecoe now reports to the 
Royal Society eonie experiments moilc by means of photographic paper 
relative to the chemical action of rays from various parts ot the sun's 
disc. From the results of one day, it appears that the chcuiieally 
artive rays at the center have from three to live times the iiiteiisity 
of those at the edge. Tliis difforcnco, being greater than the dif- 
ference in the heat from the same portions, is accounted for by the 
greater sbBorption effected by the solar atmosphere on the more refran- 
giblu nys. Is also appeared the cbcniioal brightness of the south 
polar re^ons jffi» considerably greater than that of the north [Hilar 
regions, while about the equator the brigbtnesi was Imtwucn that of 
the poles. Mr. Koscoe, in connection with Mr. Baxendell, proposes 
to carry out. upon the same methods, a series of observations relative 
lo the amount of chemical brightness of the sun^s dii^c, and hopes be- 
fore long to fiimish further details. 

Oold in the Smm.— The observers at Kew, England, believe that 
they have noticed the coincidence of several bri^t gold lines with 
corresponding dark lines in the solar spectrum from which the pres' 
cni-e of tlial metal may be inferred in the sun's atino?phero. If con- 
firmed by further observations, this will be an important addition to 
our present knowledge, 

Speelrum of Carb/m. — Coal, charcoal, and the diamond cannot be 
TBporiicd by neat when isolated, yet M. Morrin, of Vertaillos, find- 
ing the same spectrum produced by the common gas flame, cyanogen, 
carbonic oiyde, carbonic aciil, ascelytene, and the hydrocarbons gen- 
nrftlly, he concludes this result must be due lo the only element com- 
nmn to all these compounds, carbon, and in a state of vapor. It 
followB that the theory of the candle-flame must be somewhat moditiod. 
The base of the flame, being blue, is the vapor of carbon preserved 
fivm combustion, but kept at a very high temperature by the enve- 
■ — of brdrogen, the mom combustible elcmeTaot ftii; gweo'ift c»»- 
ffom the rfecoinposttioo of wax, tVie \>jd)rog«u wwoa ■osbMh^ 
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villi the oxjgeo of tlic ur. Aliove the blue part comes tUe luminoii) 
part, produced bj- the piiasnge of the carbon Irom the gn«eouf to iho 
•olid state, giving out m the pasRO^ a eonBJderable amount of best. 
The hlacli cone surrounding the wick of the candle is fonned of gas- 
eous carburets of hydrogeD, which only burn in the upper part of tht.' 
(lunc whero they ™uie in contact with oxygen. Hydrogen being noi 
very cgmbustible but very subtle, diflusive, and penetraljng, its com- 
bnation takes place under conditions in whicb it would be uupossible 
Ibr other gaseous bodies or vapors to bum. If a candle be gendy 
moTcd BO that the flame may be inclined and the tli allowed to come 
in contact with the vapor of the hydrocarbons whiuh surround the 
wick, we see the hydrogen take fire, and above the llanie appears ti>e 
blue vapor of the carbon. The latter am only exist alone, and gives 
its luminous reactions when it has near it the high temperature pro- 
dm-cd liy the combustion of hydrogen. When cyanogen is burnt in 
a current of oxvgen, the high tem[>erature produced by the interior 
of the flame mates tliu vapor of carbon intensely hot, and heuee xwy 
luminous: consequently its spectrum is very luminous. 
PHOTOGRAPniNQ NATUKAL COLORS. 
It has often been asiterted, but never yet substantiated, that the pho- 
loifraphic process was capable, under certain myiiterious procesnes, id 
rei'miJucin^; the colors of the sgiectrum, and not merely the griditionx of 
bliick lo which we are accustomed. A few years ago, an American, a 
Mr. Hill, startled the scientiBc world — at least that part of the world 
which knew anything alwut photop'iiphj — by insisting that he could 
produce any color In the photographic image. Practically speaking, this 



othing. Now we find in Milan, something it 
least hiia been recently done for the furtherance of the idea. Suppose it 
be required to color the photograpli of a man, in a block cost, whoae 
hair and bean] are fiiir, and whose figure is projected on a while back- 
ground, slightly shaded off; the process of the inventor is as follows: 
Tne photograph, token by daylight, lies lo a ba!{in of woteri it is in 
ihe dark, and nibaequeiit ojienitions are perfonned by candle light. 
Two solulious are at Imnd, one, conxisting of one gramme of chloride of 
gild and ten of acetate of soda, dissolved in 1,DV0 grammes of water; 
the other B, consisting of 21) grammes of hyposulphite of soda dissolved 
in 100 gmmmes of water. There are besides two more ba^nn of water, 
and a quire of blotting paper. The photograph is taken out of the water 
and put between the leaves of blotting paper: it Is then laid flat on a 
p.ine of glass, and the whole surface, except the (ace and hands, receive* 
with a water-color brush a coating of wlulion B. By this means the 
piris aulijected lo the action of the gold soon change their tints into 
bbck. The photograph is then put into clean water again and left there 
for a few minules, during which Ihe ojierator prepares a second pho- 
tograph if required. The former one being lahen out, is put in solutioa 
B. where it stays for a few minutes and is then washed and rinsed aa 
ixMoL Now, as the time of immenion will influence the depth of color 
by successive immersion*, an orunge-colored cravat will be obtained ' 
one minute, a rolTce -colored great coat In five, violet -colored trousers 
ten, and a black coat in 30 mir.ulea, ■w\H\e vV WoowAfV** tS ic&byl 
aaiulioa D, gives color to the flsah ani \iEm. U.e 
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(bmi)(h not quite lie natural ones, nisy be oblained, whicli ix a decided 
■tpp in ndviince rjf what bas been previoualy uclueved. — Practical Me- 
choHk't Journal. 

PB OTO-SCULFT ITK E. 
Everr nov and then, says the London Art Journal, ire bear of 
" ni-w iliscdverifS " that turn out to be imtioasible, or are only the 
result of coofused reports. Wc are gCDiiiailly, therefore, rather 'iH' 
eUacdlo dauhtthaato believe. It is not suqiriaing that the vrorlil 
abuuld have received with a certain degree of incredulity the annouiictt* 
iHVsa tliat sculpture could be performed by neang of photography. 
llowcver inarvcloua woa the lUflcovery of photogmptiy itself, we 
could uuderetand how the image of the camera obscura could learo 
itK impression upon a chemical surface susceptible of being affected 
by Uie very light which makes it apparent to our aeneea. Wu wcrti 
nJtvnrarUi enabled to understand, althouj^h with more difliculty, 
how tJicel*rcoscopeeouldraiflc two ilat photographic pictures into oae, 
presenting the illusion of relief. In Uui, this seemed to us the only 
BiTulpturt', or at leaal the only illusion of aculpture, wliidi might pos- 
eibly be the result of a process of photography, aud the word plioto- 
si'itlpture to us could not convey any other meaning; for it eeenied 
utterly impossible that plK)to»;raphy could transfer a block of clay or 
any other materials (employed by sculptors, into a real plastic form. 
But however incredible tlus may apiKar ou first consideration, wa 
lali-ly have had a tangible proof of tiie reality of a new and moat ex- 
traordinary a|>p]ication of^photogni|iby, in fact, of its capability of 
unporting to a block of clay the transfer in relief of the photographio 

The invent^ir of this new process is M. Will^me of Paris, and his 
establishmetit in that city, where the operation ia practically carried 
out, is conetmcted on a large piece of ground, and includes the 
vuiuus reception rooms, galleries, and operating rooms necessary to 
cany out a photogmphic business on an extensive sonic. The part 
which is devoted particularly to the photo-scutpturc consists of a 
lai^ circular room almut 30 feet high and 40 feet in diameter, sui^ 
mouiitcd with a cupoU, all of gloss, to admit the greatest posaiblo 
amount of light. All round the circular wall supporting the cupola 
arc, at cqau intervals, 24 round holes of about three inches in 
diameter, beino the apertures of 24 comenc obscurm ploeeil be- 
hind the waU lu a kind of dark corridor surrounding the building; 
for we have to explain that '2i photograjihs of the person sitting 
in the center of the large round operating room are to bo token 
at the same moment, in order to sujijily the modeling apparatus 
witi) 24 diOcrent views of the person whose sculpture is to be cx- 
c-cutwl. By a very simple and ingenious contrivance, the 34 camcne 
ol)s«*urie, in each of which lias been placed a prepared plal«, are 
open nnd shut at the some moment. The sitting is consc<)uently 
as short at> il only one portrait was token, and, after a fc-w sc- 
L-imda in the nKjuiced fixed position, tlie sitter ia no more wantfid. 
I bust or his statuette will be achieved without his presence, 

._,.! .1 .1 , -ahlishincnt, where tt»c TaoAcfeft a, ya- 

is process by w\ucbilie\A);y^ (A i^vk'M 



iSt ANNUAL OF SCIi:NTIFIC DLSCOVERY. 

taki; ronseciitivcly, all round, the various outlines of oaeh of 21 
pliotograplis. This is done in the following manner: The 21 
photographs are placed in their proper order, in the outer cin-le oi 
a large vertical wheel, which can revolve at will merely by tlie im- 
pulse of the hand ; so that each photograph can be placed, aa lung 
as and whenever it is necessary, before the glass of a magic lantern ; 
and the image of this photograph is projected upM>n a screen of ground 
gloss, at the distance which will mve the desired dimension. The 
nio<leler, having prepared his block of clay, and placed it close to th 

ground glass, on a stand capable of turning upon its axis, holds in 
is hands an ingenious instrument known as the pantograph, and 
used extensively (before it was in part superseded by photography) 
for enlarging or reducing, or copying upon the same scale, plans and 
drawings, maps and diagrams. It consists of a series of bars of wood 
or metal, jointed together so as to form a system of ** similar trian- 
gles ;^^ one of the bars carries at its extremity a tracing point orstyle^ 
and another a pen or pencil, the whole turning freely on a center car- 
ried by a third bar. When the style is guided over the outline of a 
drawing, the pencil moves with a perfectly similar motion over a sheet 
of pai>er placed beneath it, and so produces a perfect fac-simile of the 
original. Its application to photo-sculpture is as follows : Photograph 
No. 1 is placed in a magic lantern, and an enlarged image of it pro- 
jected upon a screen. Near to this screen is a small circular table, 
turning upon a pivot, and divided round its circumference into 24 
parts. Upon this little table is placed a block of modeler^s clay, 
of sufBc'ient size to allow of a bust or statuette of the required dimen- 
sions l)eing cut from it ; and between it and the screen is mounted a 
large pantograph, furnished at one end with the customary style or 
tracer, but witn a sharp tool or cutter occupying the place of the pen 
or pencil. Photograph, pantograph, and clay block being adjusted to 
their proper positions, the operator carefully guides the style over the 
outline of the enlarged photograph, and the cutting tool, exactly fol- 
lowing every motion of the style, cuts the clay into a profile exactly 
corn;sponding to that of the photograph, and hence exactly simiUur 
to the contour of the original model or sitter as seen from the point 
occupied by camera No. 1. When this is done, the next photograph 
is bn)ught before the magic lantern, the block of clay is turned ^ of 
the whole circle marked on its stand, another profile is imparted 
by the pantograph to the block of clay, and so on until the block has 
received all round the 24 outlines of the 24 photographs. The oper- 
ation is finished as far as it relates to the employment of the photo- 
graphs. The bust or the statuette produced by this means is a like- 
ness which, although in a somewhat uneven state, no one can mistake. 
It is now necessary to smooth by hand, or by a tool, all the slight 
roughness produced by the various cuttings, and to soften down and 
blend the small intervals between the outlines or profiles. 

This last operation requires the assistance of an artist, and is the 
only part of the whole nrocess that demands any more skill than is re- 
quired in the most ordinary mechanical operations. The time occu- 
pied is wonderfully short, compared with the tedious process of model- 
ing a bust from the life, to say nothing of the d\aa«3rvi<ia.l\le oi^ration, 
^^^a retforted to, of Uj^ing a pVaater oausiti o^ \^^ Va«:^ va %kxh^ %& ^ 
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b^is for Uie ai^olptor's work. The bust or alatuptlo onra obtained 
i.tu bo easilj multiplied by the ordinary mean* in use for producing 
jitostcr iiuagcSi or it amy be I'OpiuU into marble or bronze to iiuit the 
Utslc uid purse of its possessor. Ity vaiyiug die mcclianiuil amugo- 
luL-nLs it may be produced of coloa«al size, or dimiuiikcd to an inch in 
highl. By sli^t modiliciitioiiB of the process, the portniic may ba 
flattened to the proportions of a mcdolliou or baa relief, or cut into a 
»>'»! or die, and at the irill of the operator may even be distorted to 
lielrl a grotesque figure or csricsture. The editor of the London 
Atl t/uunuil describes the specimens of photo-sculpture he has exam- 
ini'il, as well executed, and possessing, mdecd, .all the appearance of 
pliotogrsphic productiona, so correct were the forms and proportions, 
suit 80 natural was the expression of countenance ; they were, in fact, 
the very "carte de viaite" raised in solid fonn. The speeimims in 
qnislioD, represented the actor, Roger, in the character of the "Proph- 
et."" llic Annamite ambassador, the Prince of Aquila, a bdy sitting in 
a Gothic choir, a boy, a girl, and various others. There was also 
one medallion representing the head,, half-size, of the Due de Momy ; 
all were very penect in execution. 

IMPE0VKMEST3 IN PHOTOGEAPnT. 
JPiotograpkie Ohotts. — Photographers aro acquainted with three 
or four (Ufferent wi^s in which Bucondarj' images may appear in pho- 
tCfp^'l^Ju. In the lirst place, when a sensitive glass plate has served 
ha turn u a negative — as many paper positives as may be needed 
baling been taken from it — the mm of collodion or other prepared 
■nrfacQ is removed from it, and it may then be used for a wholly new 
tdotagraph. But it is found that, unless ^reat care be used, some 
Qtint traces of the former picture still renuun. and these may appear 
aa a aort of ghostly attendant upon the ligure forming the second 
luetatre. One photographer, in endeavoring to utilixc an old plate 
wUtJi had fulfilled its duty oa a negative of the lat« Prince Consort, 
could not wholly erase the image, waah or rub as he might ; there was 
always a faint ghost of the prmce accompanying any subsequent pho- 
tograph token on the same plate. Dr. I'ltipsoa relates that a fnend 
oCiaa rondvcd at Brussels a tioi of glass plates, quite new and highly 
poliBbed, each wrapped in a piece of the Independance Beige news- 
paper; a lady sat for her photograph, taken on one of these jilatus, 
ana both the photographer and the lady were aKtonishcd to see that 
bar lilceneaa was covered with printed charactcra, easily to bo read, 
— tbu ghost of a political article In fact. In this case actinic rays 
hod done their work before the glass was exposed to the camera. 
Bjr tnolber mode of manipulation, a photographer may^ produce a 
gboM-like effect at pleasure : a sitter is allowed to remain in the focns 
of t^ cua^n on^ half the time necessary to produce a complete 
pbotograph; he sUps quickly aside, and the furniture immediately 
beUoa hini is then exposed to the action of the lizht ; as a conse- 
quence, a Cunt or imiierfoctly developed photograpn of the man sp- 
pcam, transparent or transluceot, for the furniture is visible nppar- 
VBtly throng his body or head. With a little tact, a really surpris- 
" "it may be produced in this way,. As a third variety, one 
mtybe placed in contact witli ftuotliiiT, 1Ulli&'9w1je^]^u^uQi^ 
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of liglit allowed to paas throqgh it for a time ; there results a double 
picture on the lower negative, one fainter than the other. It is known, 
moreover, to the more scientific class of photo^aphers, that if the 
lens in the camera is imperfectly curved at the surfaces, spots of 
cloudy light ivay appear in the photograph, having a semi-ghositljr sort 
of effect. — Lonaon Photographic Journal. 

Photo jraphy and Physiology,— The following commnnication, whidi 
appeared in Uie London Journal of Phoioaraphy, Oct. 28, 18G 1, is 
vouched for hy the E^litor as entirely reliable : ** Some time since my 
wile was engaged preparing albumen paper in the silver-bath, and in a 
moment of abstraction pressed two of her fingers on her forehead, 
being at the time about to add another * olive branch * to tho family. 
8oon after the birth of the baby we were surprised and annoyed at 
noticing that the child, when in a strong light, exhibited two distinct 
impressions similar to silver stains before fixing ; and the stnm^]:cst 
part of the matter is that these disappear as night comes on and reap- 
pear as daylight arrives. 

*' These stains, although at present serving as a sort of aetinomctcr to 
me, will prove a sad disfigurement to my daughter s appearance in 
daylight, and we much regret they were not impressed in some less 
conspicuous place. 

I am, etc." 

WothlyU Improvement in Photography —Jacob Wothly, a Grer 
man photographer, has made an improvement in photographic printing 
which promises to be of much importance. Instead of preparing 
the paper, upon which the print is to be made, with albumen, he 
employs collodion ; and, instead of the nitrate of silver as a sensitizer 
ho uses one of tho double salts of uranium. This salt is mixed with 
the collodion, and the only operation required is to poor the collodion 
upon tho sheet of paper and hang it up to dry. 

Concerning this discovery, tho London TimeSf of October, 1864, 
remarks :— 

** The new process which has been discovered in Grermany by Ilerr 
Wothly, and irom him has been named ' Wothlytypc,* discaras nitrata 
of silver, and discards albumen. For the former it uses a double salt 
of uranium, tho name of which is at present kept secret ; for the 
latter it uses collodion. We have explained that by the ordinary 
method, the paper to bo printed is sized with albumen, and the sur- 
face of the albumen receives the silver preparation, which is sensitive 
to the light, and shows tho printed image. The paper thus does not 
receive the image, but is, as it were, a mere bed on which lies the 
material that does receive it. By the substitution of collodion for 
albumen, a different result is reached. In the first place, the film of 
collodion on tho paper 3rields a beautiful smooth surface on which to 
receive the image, and the result is. that pictures are printed upon it 
with wonderful delicacy. In the second place, the collodion, before 
it is washed upon the paper, is rendered sensitive by being combined 
with the salt of uranium. The sensitiveness, therefore, is not on the 
surface alone of the collodion film, it is in the film itself, and so com- 
*ely passes through it, that even if it be peeled away from the 
r, the image which it rcccWea wWi Vk& 1o\»v\ oh V^^ ^^^^t X^kscw^aiK. 
rebicle thus employed is uvii \caa ttv\]^i\oT \o i^ qiCdr^ ^^>BStfs^K^ 
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for receiyin^ tbc negative iiiia.']^o on paper, than it is to all others 
jet known for receiving? the negative imige on glass. The metallic 
•alt which combines with it has also rare merits. 

*' In the first place, the manipulations are very dimple and easy^ 
far more so than in the silver printin;^ process,«-an(l thus the labor 
taycd is considerable. Next, the paper, when rendered seiLsitivc for 
printing, or 'sensitized,* as the photographers say, keeps perfectly 
tor two or even three weeks, — an iinjaeuse boon to amateurs, who can 
t'.ms havo their stock of printing piper * sensitized * for them ; where- 
as, at present, when the paper receives the sen.sitive preparation, it 
has to bo used almost immediately, and will not keep more than a day 
or two. Thirdly, tho color anil tone obtained are very various, 
including every shade that can be got by the ordinary silver plan ; 
bat, in ad(Ution, it has the advantage of bein<^ able to print any num- 
ber of impressions of exactly the same color, and of doing away 
with all such difficulties as show themselves in mealiness and irre<xu- 
lar tonins. The precision of result is a great point. By the silver 
process, tne results are never certain, and even when the print comes 
out perfect from tlie frame, the subsequent process of washing and 
fixing go seriously to alter it. Lastly, the permanent character of 
the new method is very remarkable. Nobody seems to know exactly 
why the old silver process gives way — ^whether it be on account oftlio 
albumen, or the lutrate of silver, or the hyposulphite of sodi. 
We only know, that so many of the prints prepared by the old 
method fall away, that no reliance can be placed in those which seem 
to stand firm.*' 

Since tho publication of the above, the process has been patented 
in Great Britain, and made public ia all its details. These are given 
in the specification as follows : — 

To one pound of plain collodion add from 1} to three ounces of 
nitrate of uranium and from 20 to 60 grains of nitrate of silver. 
Tlie paper is prepared for printing by simply pouring tho above sen- 
sitized collodion upon its surface, and hanging the sheets to dry in 
the dark. The printing is accomplished by exposing the paper to 
light under the negative m the usual manner, and for about the usual 
time required for silvered paper; print until tlie desired depth is 
reached. It is not necessary', as in tlie ordinary process, to print 
the positive to a greater intensity of color than the fixed picture is 
intended to have. After printing immerse the picture in a bath of 
acetic add for about ten minutes, or until that portion of the salts not 
acted upon by the light has been dissolved. The picture is now fixed 
and finished by thorough washing or rubbing with a sponge or brush, 
or by rinsing in pure water ; then dry. Changes in the tone of the 
pii-turc to suit the taste may be made before di^dng, by using a bath 
of chloride of gold, or of hyposulphite of soda. 

Improvement in Pliotographic Printing, ^^kn improvement in pho- 
tographic printing, brouglit out during the past year by Mr. JoseT>h 
Swan of EngUnd, is characterized by photographers on both sides 
of the Atlantic as something entirely in advance, as regards results of 
any thing hitherto attained to. The fpllowing is substantially the pro- 
cess :— 

" Golatia, ia combination with a salt of chioimuni, V)«i(«inRA v&Mm- 



I 

I 

I 

I 




ble in water after a short exposure to sunll^^ht. Tbii> principle '. 
ble of application to photo^^pliy in nutny ways, one of tlie n 
rious of which is t'l attach to piper a Miitablt? tis'iue, and cover 
bichromatcd |;e!atin having a pi(;ineiitDiiKod with it; expose thL 
iaetoti-iht, under a nc;:^tiTe, and then wa»h away those portioi 
the coatin); not alTei^tetl by the li^ht. The exposed parts. hiTii 
become inauluhte. remniD attached to the p:ipcr, anil lo produce a pi 
turc. Tlie mixture of gelatin consists of one part of a solulioQ 
biclirnmate of ammonia (containing one part of tha siOt in three parts 
of water), two parts gelatin, one part sugar, and eight porta of water, 
with coloring nutter added to produeo the depth of tint required. 
Tlie pigment used is Indian ink, eitlier alone or mixed with indjgo and 

The tissue is Formed by coating ti plate of glass or other smoc 
surface, — first with collodion, sjid then with the colored gelai 
mixture above desfribod: the two films unite, and, when dry, may I 
separated in a sheet from the surface they were formed on. By tl 
means a pliant tissue is obtained, which may be handled like pspc 
and ma^ either be used in largo sheets or cut ap into piece* of m 
convenient size. The tissue, prcpareit in the manner described, ec 
respou'ls with scasttive paper, and. with proiter appliances, the pH 
aration of it need not bo more troubtesoniu than the double operMi 
of albumenizing and exutin-^ paper in the usual way. Tbo tissue 
much more sensitive to light than onUnary eensilJTe paper, and vt 
portionately more care must be exercised to Euard it from the Mxi 
of light other than that which arts upon it wliiTo in the printing- " 
Litte seositiTo paper, too. it is better used soon after its prepai 
The printing is done in the usual way, tho tissue taking the place 
sensitive paper, the collodion iiseil surface being placed next the nca 
tive. The sensitiveness of the tissue may of course be variedl 
varying the proportion of the components of the gelatinous part 
the tissue; but with the mixture given, the time of exposure requir 
ia only i or i of that wliieh would be usually given with highly seiii 
tire albumenizcd paper. 

**Tho proper time for exposure can be determineil prctPr an 
nitelv, after a fiiw trials ; for, although there is not tlio same moans 
judging of the progress of the printing as in the ordinary proco) 
jret there is a far wider range between under and over exposure th 
in silver printing. It is no exaggeration to say that yon may exps 
one piece of tissue twice as much as anotlier, and yet obtain a got 
print from both ; not perhaps quite so good as between the two fl 
trcmes, but yet much more passable Uian would be the cnaa wi 
silver prints under and over exposed to tho same extent. On tafcv 
tho tissue from the printing-frame the image is faintly visible, utAi 
nejtt step iu the process is to mount tlie tissue, with the colladioms 
face down, upon a piece of paper, or anv other suitable material, 
BL't as a support during develop:nent, and sometimes to form the ba 
of the pieture. which mi<r, if we please, remain permanently attl 
to this support, or may, if thought better, bo afterwards transfer] 
n.1 ___ ___ .._. .. 1 ^j mounting tho tissue, and several *- 



bo used for llio ^v\T^aa, »icU »3 elatch fl 
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After mounting, tho tissue, with paper attached, is placed in 
water of about 100** Fahr. The water presently begins to dissolve 
away the non-solarized portions of the gelatin, and in a few minutes 
the picture is fully disclosed. It is, however, advisable not to hurry 
the operation, but to give the water ample time to dissolve out the 
bichromate. It is also advisable to change the water thn*e of four 
times. Leave the prints about two hours in the water. When^ the 
picture has been over-exposed, longer immersion and hotter water 
will, in a great degree, rectily the mistake. Before finallv removin;' 
the prints from tins water, brush their surface lightly wfth a bn^ad 
camel-hair brush ; and, after taking them out, pour a stream of water 
over them to remove any loosely adherent particles of foreign matter 
that may by accident have got attached to the surface. The prints 
may then be hung up to dry, and are finished by being mounted ou 
card-lK>ard and rolled, in the usual manner. 

•* Diamond Cameo ** Fhoiographs. — We copy the following article de- 
Kribing a new style of photograph, from the London Photographic Neics, 
We have frequently nenrd tnc o])inion expressed of late, that the 
''carteonuinia'* was on the wane, that everybody hid obtained his card 
picture, that the albums were full, and the ])ublic begiiming to he sated. 
No doubt this is, in some qu-irters, to some extent true. The question 
his been asked, "What will be the next foshitm?" In answer to this 
Question, snlnr camera pictures or other enlargements, have been doubt- 
fully mentioned. These, it is very probable, wUl come into increased 
demand : but the demand cat never become a rage at all similar to that 
which has existed during the last few years for card pictures. The price 
sfid size at once preclude the possibility. To tak e the place of cards, for 
which the demand l)eginR to flag, the picture must he as cheap and as 
easily exchanged and preserved, and at least as pretty. A novelty we 
have to announce more than fulfils these conditions. 

This novelty, brought out by Mr. R. Window of London, under the 
name of the **Dhmond Cameo Photograph," is of the size of an ordi- 
nary card, and contains four portraits, each giving a different view of the 
face. Each portrait consists of a bust alx)ut nn inch long, and three- 
quarters of an inch wide: two are side by side in the middle of the 


card, and two at the top and bottom arranged in this order 0. The 


top and bottom generally consist of a front face view and a three-quarter 
face view ; whilst the otners consist either of two entire profiles, one of 
the left and one of the right side of the face, or of a profile of one 
tide and a | view of the other ; but of course, much variety in this 
respect is possible. But the especial peculiarity, and that which gives 
the cameo efiect of the picture, is yet to be described : the o\'al con- 
taining each bust is punched into relief, so as to have a convex surface. 
The effect of this in giving the illusion of roundness and relief to the 
whole image, cannot be re.idily im 'gined by a person who has not seen 
it It is difficult at first glance to believe that the features have not a 
special relief (»f their own, and the c;imeo effect is perfect. 

Such a style of portraiture has m-^ny real charms and jwints of in- 
terest, hendea that of novelty. Almost all the axtisllc dK^ewlUe* viUlcK 
the photographer ore got rid of. The gtacelxA qiii^w^^^^&kcwV ^ 
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Hindi and Ipgn, and their dtlineation in any lliing like true pronortinn 
and in f^ood Sekmlinn, eeise to diKlj^ict the mind. Enrh saiull held a 
taken with the center of the len>, and in unrxct^ptinrubJe in definition) 
and AS the full nperture of the lenx mny tie used »icliout henilation, tbe 
eipiwure is so rapid thit there i» no difflcidty in obtaining go-id eipm- 
aionn, an end which is further aided bv the entire absence of all inrtim 
in the vay of arranging awkward limb*, a pmcess bo lTe(|uently fitai in 
a pieawinl or natural exprcBBion in the lace. Aa to tlie question of 
likenesg and veminulitude, the interest of this style of picture mu)t il 
once commend itself to every one. 

We have not itpoce now Ui enter into a detailed deacriplion of tlu 
meohanirnl arrangement employed in getting tbe best result with Ihe 
least trouble. A very ingeuiously-contrived dark slide ha* very nmple 
movements for oblaining the four portraits in their due poailions. and of 
the right size on the plate. When printed and mounted, the conreihy 
of each disc in jiroduced by means of a steel punch and an arming preu, 
which is worked very quickly. The exquisite surfice given by the face 
of the die to the picture, fir exceedii that produced by rolling. 

The general eUect is that of four cameos or enimeli dropped on the 
card. 

EFFECT OF ATMOSrUESIC FBESSURE IM QDXSKET. 

The French artillerist* in Mexico have recently found, to tlioir for- 
prise, that tliu angle of eli-vation used in France for tlieir guns, liir 
any given range, does not afford the calculated results; aurl have as- 
certained that thix ia owing to the diminished pressure of the atnuw- 
nhere on the Mexican plat«au. It follows that cannon may servo at a 
kind of barometer for measuring altitudes. — Le* Mondtt. 

ISTBEESTlSa BALLOON F^VEKIUEKT. I 

A small balloon constructed of goldbeater's skin, scarcely tiro bt 
in diameter, ascL-nded from Ilighgatc, England, on the SOlu June, it I 
7 46 f. M., the wind blowing inudi^rately from the N. W. A imaU 
tube litted to the neck allowed the gas to escape as it cx|mnd<.il, and 
a paper car, filled with sand, which full slowly through a small apvi^ 
turu in the bottom was attached to the balloon, in order to eompeo- 
aate l.i a certain extent for the gradual loss of gM. At 8 30 A. JI.. 
the following morning it doacendiil near Bamberg in Bavaria. The 
distance is aI>out •'illO miles in a direct line, and the time occupiud, 
kUowiag fur the difference of longitude, as nearly as possible 12 hours. 

DOBS THE MOOS BKTOLVB OS ITB AXIS? 

The following rfinsons may be advanced as a conclusive proof that 
our moon docs not revolve on its axis. 

If our moon revolves on its axis, then any nnoiber of moons going 
around the earth in the same wav, each must e([ually turn upon its 
axlit, and aualogously if a succession of moons, [>i>rlurmiDg each Ihl- 
same motion as the siiigle one now docs, were so closely polled M 
f'inn one continuous ring, like that of Saturn, does any aMrotoa 
claim tliit all the porta, njrming that ring, woulil li.ive a diftuwt k 
revolution? If so, then each imi>rinal)le section of SaturnV t' 
louii nUo itivo\va on itsasial «\\w\i\H tm W'p*i«»JriS\*.'j , "Vt 4&% 
itc'fled nuriea di> not revolve ou tiustr asia, iuj uaaqS'iiQiaataa,*) 
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same precise principle which goYems the one, controls all; this, 
therefore, must be considered a sufficient proof that the only centre of 
the moon^s motion is at the centre of the planet, as are the rings to 
Saturn, and, like them, our moon does not revolve upon its own axis, 
and until eosmical laws are changed cannot do so. — Communicated by 
Charlea JS, Tovmsend, Esq, 

SOUND AS A TI3(E MEASURE, 

In a recent French work, entitled TVaiti des Mecanismes^ by M. 
Goupilliere, we find described a curious and ingenious method of meas- 
uring time, which gives thousandth parts of a second. The descrip- 
tion is substantially as follows : Suppose it were required to measure 
the exact time of the descent of the hammer of a gun-lock on the nip- 
ple. The motion is so rapid that the most delicate stop-watch is at 
fault. A needle might be fixed to the hammer, so as in descending to 
mark a curve on a blackened metal plate ; but still the time would be 
an unknown quantity. It may, however, be measured by means of a 
tuning-fork, also provided with a marking-needle ; then, while the for- 
mer one marks the curve described by the hammer, the second needle 
will mark the vibrations of the fork ; and as we know that they are 
isochronous, each of the small insinuosities thus obtained on the black- 
ened plate will represent a fraction of time, and show how many such 
fractions elapsed before the fall of the hammer. To give an idea of 
the degree of precision which may be obtained by this process, let us 
suppose the normal French tuning-fork, which will perform 896 vibra- 
tions in a second ; then the duration of each vibration will be -^^ of a 
second ; and as the greatest error that can be committed cannot ex- 
ceed half a vibration, the measurement will be exact to y-if^ of a 
second. 

ON A NEW MODE OF DETERMINING THE VELOCITY OF SOUND. 

The following new mode of determining the velocity of sound was 
proposed, by Dr. J. Stevelly, at the last meeting of the British 
Association. 

Suppose a piece of clock-work prepared, for instance, to strike 
single strokes upon a bell each time the detent is set free ; the detent 
to be under the control of an electro-magnet, which is instantly 
set in action by an observer, at a measured distance from the bell or 
other origin oi sound, depressing a key, and thus completing a gal- 
vanic circuit. The observer, bemg furnished with a chronometer, 
depresses the key ; the instant he hears the stroke of the bell he again 
depresses it ; hears a second sound, and so goes on for 100 or 1,000 
times, carefully noting by the chronometer the instant at which he 
hears the last sound of the series. A trained observer would not make 
a probable error of one-tenth of a second in noting the whole time 
occupied by the whole series ; and to avoid all chance of miscounting 
the number of sounds in the series, the clock may be readiljr made to 
keep count of the number of strokes it makes. The whole time occu- 
pied by the entire series is made up of the following portions : 1. 
The time consumed in the mechanical work of the clock in producing 
the stroke, and of the key, from the instant the observer touches it 
uaiH it baa completed tbie circuit. 2. T\iQ '^j^exsoi^ ^o^vva^^^ii ^1 
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he obBercer. 3. The time the Bound tnkei to travel 100 i^. 
1,000) times the niensurcd dislADt^ of the origin or the Mand frq 
tilt.' obwrver- 4. The tiine the sound takes tu travel 100 time* f 
l.OOU times, as the case mav be), Uie measured disianee. Ku«, 1 
tirst, toeond, and fourth of theoo portious of tioii; can be nti 
I'liminated bj' repeating tlie same aenus of observations exturtly ( 
clovlc being wound up at the conimcDcemtnt of eaeh series eiai.'th' to 
the same extent) ; tlie oliserver, on the aecond occasion, pladne luui- 
svlf at oae-hair, or ono-fourth, or at any dctennined part of his im^ 
vibus distanw from the origin of sound ; or by placing himself cloce 
uj) to it, nsing the same wires for the gaJvnnic circuit on earh otva- 
sion, in order to eliminate the fonrth portion. 'Hie author was not 
fully aware of the eTtacI meclianisin by which Prof, nazzi Smythe dis- 
charges the cannon which be has introduced as time-signals, but he 
had no doubt it could be adajited to this method, and thus determine 
cxperimen tally whether the velocity of sound is effected by the vio- 
IcDce of its oripnating cause : a ijuestion which Mr. Eamshaw has 
from thcor)' dccidetl in the affirmative. It would, however, involve, 
tlie aullior supposed, the use of two Fannon, each altemat<<lv ts b« 
in process of being ehargcd wbile tlie other was at work. This, how- 
ever, could be roailily aecomplished. 

BNEQTJAL POWER OF THE ORGANS OP BCABIKO. 
In making experiments with tuning-forks by holding one to eat^ 
ear at the same time, Uerr Feasel, oftJologne. ba» discovered Ibe eara 
do not possess an equal power of hearing. It appears that from nn- 
lueroua trials on various individuals the hearing is generally best 
with the right ear. A similar difference in the Dower of the right 
and left eye is also more common than is generally supposed, as die 
impression made on the weaker eye is absorbed or dissipated by tbe 
stronger. 

NEW ANEHO»ETER. j-| 

The object of a new anemometer, described at the last meetiiig tOt 
the British Association by Mr. C. Catur. was to obtain by the wJ aM 
acting on one surface only, a daily curve of its pressure in pounds mH 
an area of a square foot, and tlie number of uiiles traveleu by it Uk^B 
horizontal direction in 24 hours, or any other given time. nSM 
tlicncc its hourly velocity. The surface upon which Uie wind acUS 
or tbe presHure-pUte, is tbe base of a cone, the axis of which ia hon^ 
Eontal, and the area of the base eiiual to one square foot, the olMCt 
of the cone being tliat there sball be as little resistance as possible, 
and to neutralize the effect of a vacuum bein^ formed behind it. 
The prcBSuie-plate is attached to the endofa horizontal bar, and with 
it is moved backwards and forwartls, tlie bar resting on rriction-ro lt- 
crs. This is the only portion of the instrument out-ol-doors ani* '^~ 
posed lo the weather. A chain attached to tbe horizontal bar p 
down through a tube as a connection with the rest of the insti 
vHtliiu the building on which the anemometer is (ixed. The p 
til'ihv n'mi) is measured by two curved Itvtra at «^ub1 lemflli a 
against each oUier, tbeir molioti being lU a '(KT>jrji!\ ^Vnac. Iu-vavs 
riirl vf the upper lever is a fixed vieigbl, and to ^iit qv\>™**=' *^^ •* 
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tht undcT one is attaohi'il the end of tbe conacctln^ cli&ia. Wlien 
ihere is ■ ralm, thea tlie point of contact ia at the lixed weight, and as 
t]if iriod prcsties against tbe prt;sBure-pla(« it uiusos the cnain to lift 
i.'|i the lever?, and then tbe point of contact moves along toirards the 
■ hi-r end. indicating die atrengtb or the gale, the levers returning by 
iTi.ir own weight as tlie pres^iv of the wind subsides. Tothucnd of 
[hf under lever a string is attaehed, carrying apendllo and fro along 
a cylinder in the dirt'ttion of ils length, revolvinc on its axis by clock- 
work oore in 24 hours, upon wlueh the pencil will trace, on the paper 
rolled round it, tbe pressure ol the wind for 34 hours. The velocity 
of the wind is shown by a " gaining eljck." The pencil-string at- 
Carhed to the end of the under lever is eonnecled with its regulator, 
anil is so arranged that as the wind blows more or less strongly it 
pulls tlie regtdator towards tlie fast end, and accelerates the gaining 
of the dock. A counterpoise weight brings the regulator back as tba 
pressure decreases. 

. DIDICIATIONS OF OCEANIC COKRESTS. 

Capl, Belcher of the British navy, has recently published a statu" 
tDCOt, respecting the Infonnation gained witliin ibo last ten years 
concerning the curious voyages of bottles thrown into the sea by 
narigators. A good many bottles cast into the sea next to the 
African coast, found their way to Europe. One bottle seems lo have 
anticipated ibo Panama route, having traveled from the Panama Isth' 
uius lathe Irish coast. Another crossed tlic Atlantic from tfao Cana- 
ries lo Nora Scotia. Tbrce or four bottles thrown into the sea by 
Greenland mariners off Davis's Straits, landed on lie northwest coast 
of Ireland. Another made a ccu-ious trip, — swam from the South At- 
lantic Ocean, to the west coast of Africa, pusaiug Gibraltar, went 
along tlie Portuguese coast of France, and was finally picked u[> on 
Jemey Island. One bottle was found after 16 years swimming, 
one after H years, and two after ten years. A few only traveled 
more than one year, and one only five days. This was sent off by the 
Captftin of the RarAerte, on the 17th of April, in tbe Curribean Sea. 
ana was found on the 23d, after having gone through three degrees of 
liMigitutl« (tilO miles) western direction. Captain McCluro of the 
bKwtigator threw a bottle into the sea in 1850, on his voyage to 
BctDins's Straits. It swam 3.600 miles in 30U days, and was picked 
Dp on &e Honduras coast. 

K'a FROBB. 



In the oiamination of gunshot wounds by means of the probe it U 
often a matter of no little difficulty for thj surgeon to decide whether 
an obstruction met with, results from the presence of a ball or from 
a portion of bone. This was tba case in the wound of Garibaldi, 
the most eminent turgeons in attendance being unaUe to decide the 
question as to the presence of the ball inflicting the wound, or, a«- 
■uming its presence, of its exact location. To remedy this difficulty 
a. Nelaton the celebrated Parisian surgeon, has invented a form of 
— oIm! which is able lo give the most unerring information in regard 
Hie outer ia qaestioa. The constroclion M lli\a WBcnioi* ^lotie, 
feA Aw ainoecMue into general use, ia &a toVloira'.XQ'i^c'b^Qll y 
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lilver wire or stem ia fixed a small oUvf-shiiped body made of 
ished chinA. Tlie mere couUtt or sli^lit nibbing of tliis aeaiuM 
load or iron aurfat-e, is Rufliciciit to tvavc a mark wbi<;li neither l' 
Mift pitrtB, nur Lhc morbid secrulions of tbu vound I'uii ufiliUsn 
TluH mark, which rcscmblea the mark of u katl pcDi;il on tlw chii 
tbua |>rovca the presence and tlm location of tbc metallic body ■□ I 
wound without the possibility of a doubt, aud the coastrv— ' 
the iuBtrument may be fairly considered as uno of the most ii 
of all the applicatioofl of science to the cause of aurgciy. 



THE HASTEItr OF 
In a work on the "Act of Rpoakina foreign tonBuos idiomntiotny,* 
pu)ilish>'d during the pant year in Lnndun, by Mr. S. Prendergrasc, tli< 
BUihor lays down the followiug proposition t, which are worthy of * 

1. Idiomatio speech may be gained by adults without eoing abroxL— 
2. Sentences may be formulated so that c^h lesmn i-h.iTl double tbs^ 
nuinbec of results gained [a strong assertion ) think of the honwsl 
problem], 3, Acquisition of unconnected words worthless. 4. Pr W 
mary grammar unneoessarj. 5. Speech gained by memorj', not hy rot ti 

twilling. 6. Memory usually over-estimated', each one to ai«ertmn hi^ 
o^rn cnpocntyi and T, to keep within it) and 8, not to see a word but; 
those he is engaged on. 9. Grammar clogs the memory with impeifeoK 
recollections. 10. The beginner on the author's method will speak, 
grammaticully. II. Children npeak fluently with a snuiU number of 
words, nnd 12, with nearly the same epitome of language ail the worU 
over. 13. A child with 200 words possesses the syntax and pronun- , 
ciation. 14. Every foreign language should be epitomiied for a be^nittv, 
— by the fhiming of a set of stnclly priiotical sentences, embodying 200; 
of the most useful words, nnd comprising all the most diiHcult ootuitrue^ 
rlons. 15. Qy this the greatest results with the least exertion ; and lima; 
br study of pronunciation. Now in this there ia sen^ and method 
ennuKh to make it clear that the writer is entitled to the attendoo ei 

Iihilolngisla and tcnchers of hngrLige. lie gives illustritions on the T* 
n^oa and Hindoostnnee. At the end oftlie book is an account of i^ 
maclune, which is simple and ingenious, and supjilies an unending powof 
of varying exercifies ujnn a few words. If we construct a simple s~ 
tence, and then vary iu words without alleni'ion of construction, we n 
takbigfive words as an exam]:le, write duwn the tbitowbg: — 
This mm is often cheerful 

One wonaan was never surprised 

The master will-be sometimes present 
No servant cau-be always watchful 
Choose one word out of each column, and we have 256 grauimaticat | _^ 
i>lbilicies;as"The man can -be often watchful." Suppo^ the four woidl 
in e ich column written on four tioes of a culie, and tlie five cube* plooid 
in a box of five stalls, one side of the box being of eIirs. By ihiikiil 
and turning over the box, the vlsihle Rtcci of the cubes are chmwed ■ 
hazard, giving different verbal variations of the phnae. Mr. Lon^ 
machine bos ujiwards of 20 words in the sentence, and the number M 
pauible sentences is millions of miUiun^w K. teu^Wi (£ ^•e^pa^ 1 
perplexed to give variety enovig>\-. a sidmA\\™i rf \">»» «a\ '«a4l 
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p bim and intprt*( tih pujiila. And the Taripl]' is Hcured upon ft 

mil numbrr of wnrd^i only M, whwe ihe sentence in of 21 words. Mr. 

L Lonf! hn* lino npjiIiMj tiie iirlnciple lo b machine [n which tlii^ elenienli 

"! mimical notes, as n ingaeslive help in composition. Sir Wuitcr 

~'t Husgnted 'hnt Tiuch n contrivance miftbl be used in uritin); siih- 

Mte patti iif DoveU; and Swift dexoribed the very thinjc a* iM^n by 

T at lApiita, Rut the I.-ijiutntis got phitoxophy out of the ch.iiic« 

"' in : while the author gels only exemses in gratnmar. 

ORIGIX OF THE BIGKS + AND — . 

A recent writer in the London Athmanm, giveH the following ax the 

origin of the aigna -|- and — . Heaayn: The first of these sipis is a con- 

' "' in of e(. The coume of tmn'J'ornmtion from ila original to its 

It tatm may be elejriy triced in old MSS. Et by decrees liecanie 

1 & became -)-, The oripio of the second ( — ) is ralher mote fln- 

pitaT. Mn^t persons are uvrure that it was formerlv the universal custom, 

^ ~'' 'i writing nnd printing, to omit some or ali of the vowels, or a 

— » .. .1 I -^ iipnote rupIj omii»!ons by a short dash, 

The word minus thus became 
I eontracied w mn», with a dwh over the IcHers. After ft lime the short 
^P_Jine itself, without the leuers, was coixidered sufficient to imply suhirac- 
■Mon and by common conaeiit became su luicd. Hence nc luive now tlie 
^Rvo sgne+and— . 

V IIUSIC AS A PHYSICAL AKD MORAL AUENT, 

The fullowing tfaoucbti reipecting the physical and moral agency 
of miuic arc derived fi\>ni an article communicated to the AllatUic 
MonlMji. Tor Fehraaty, 188<i, by (iottsehalk, the eminent jiiauint. 
"Musiu may be objective and sulijectlve in turn, according to the 
wwtliou in which we find ouraetves at the moment of hearing it. 
M objective when, affected only by the purely physical acnnation of 
iind. we listen to it paaaively. and it suggests bo us imprcssionfl. 
march, a waltz, a Uute imitating a nightingale, the ohromatie scale 
imiloling the murmuring of the wiud in the *' Pectoral Symphony" 
maybe taken as examptea. 

"it is subjective when, unttcr the empire of a latent impreasion, wo 
discover in its general charnctcr an accordance with our own pgychol- 
'pgtcnl state, and we assimilate it to ourselves ; it is tlicn like a mir- 
" r tn which we sec rcltected ihe novcincnts which agitate us witli a 
irlity all the more exact from the Eael that, witiiout being ronscious 
'' we ourselves arc the painters of the picture which unrolls itself 
i our imagination. Lot mo explain. Flay a melancholy air to 
t, oonecripl thinking of his distant home ; to a mother mourning the 
loaa of a cliild ; to a vannuishcd warrior ; — and be assured liioy will 
ftll appropriate to themsiOves the plaintive harmonies, and fancy they 
letet't in them tho accents of their own grief. 

"Tbc fail of music is still a mystery. Wo know that it is composed 

■ tlime principles. — air, vibration, and rhytbinie symmetry. Stnkc an 

— ' in an exhausted receiver, and it produces no sound, because 

'« tlicre ; touch a ringing; glass, and tho sound stops, because 

f no vibratiosi ; lake away the rhythm of tho simplest air by 
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H rbanging the duration of the notcg that compose it, anil yon rtuderi 
V obnuure and unruuojj;iiizable, bccauac you have destroyed its arn 
' netiy. But wliy, then, du not spveral bamnicrs striking in cadcDC 
produce music ? Tlicy certainly coFOply with the tlirce cooditiom i 
air, tibration, and rhythm. Why is die acronl of a third aoplcsaag I 
the ear ? Why ia the minor modo so suggestive of aodneta ? 'fbera i 
the myalery, — there is the unesjilained phenomenon. 

"We restrict ourselves to saymg that music, which, like, ipee^, il 
perceived through the medium of the ear, docs not, lilce spcach, call 
upon the brain for an explanation of the sensation produc«d by Ite 
vibration on the nervci ; it addresses itself to a myslerioua agent 
within ns, which is superior to intelligence, since it ia indepcni' ' 
it, and makes us feel that which we can ueilher voDceive nor e: 
"Let us examine the variouaattributesof the musical phenomn 
" 1 . Music 03 a Phyiical Agait. — It communicates to the body 
which agitate the members to their base. In churches, the flame o 
the candle oscillates to the quake of the oi^an. A powerful orcheatiA 
Bear a sheet of water rutHes its surface. A learned traveler >Pf:>fai 
of an iron ring which swings to and fro to the sound of the Tivd 
Falls. In Switzerland I cxfited, at will, in a poor child afflicted w 
a frightful nervous malady, hysterical and cataleptic crises, by playi^ 
on £e minor key of £ flat. The celebrated Dr. Bertier asserts thsl 
the sound of a drum gives bim the cntic. Certain medical mtm stalB 
that die sound of the trumpet quickens the pulse and induces slight 
perspiratioD. The sound of tho bassoon is cold; the notes of th* 
French horn at a distance, and of the harp, arc voluptuous. The floM 
playcil softly in the middle rc^ster calms the nerves. Tho low not«t 
of the piano frighten children. I once had a dog who would gvnW- 
ally sleep on hearing music, but the moment I played in the toinov 
key he would bark piteously. The dog of a celeorated singer w"- — 
I knew would moan bitterly, and give signs of violent suffering, 
instant his mistress chanted a chromatic gamut. A certain cboi4l 
produces on my own sense of hearing the same effect as llie heliotrope 
on roy sense of smell and the pineapple on my sense of taste. "- 
cheVs voice delighted the ear by its nng before one had time ti 
what was said, or appreciate the jitirity of her diction. 

"WomayaRirm, tnen, that musicalsound, rhythmical ornot,BgitatV 
the whole physical economy, — quickens the pulse, incites pcrspinUoOa, 
and produces a pleasant moracntai^ irritation of the nervous ■ynem. 
" 2. Untie u a Moral Agent. — Through the medium of the nervontf 
lyitcm, the direct interpreter of emotion, it calb into play the higher 
faculties ; its language is that of sentiment. Furthcrmorv, the mo* 
tives which have presided over partlculaj musical combinationa esta^ 
lish links between the composer and the listener. We sigh with Belltat 
in the Gnale of La Somnambula ; we shudder with Weber in the aft* 
blime phantasmagoria of Der FreischutK ; the mvstic inspirationt vt 
Palestrina, the masses of Mozart, transport ns to the celestial re^oni^ 
toward whi'Ii they rise like a melodious incense. Music awaknu il^ 
— reminiscences, souvenirs, associations. When we have wept ortjf 
after seems to ns bathe<i in tears. The old i 
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di'iUed byye&n, may be tnscn^ibie to iVio ^t.Wtc &vc\nAa <A Boniiu^ 
?f Mozart; but repeat to bioi the BUD7\e aou^a al^as'^ou!Oa,'iiaB'\tG*l 



KATi'irAi. rniLnfiorny, 



137 

«nt rnnisUc*, KDil the illngions of the past come back a^in. T onoa 
knvir ui aU SpuiUli K<^ncrul vlio di^teatt^d mu»it.'. One day I lM?gan 
lo pliy tu liiin my * Sleire of Sarajjovaa ' in which is intrndui?G(I tho 
* Mari-h« Rtial' (Spaaiah nalAonol Hir),imil lie wept liku a child, 
Tbia air rci'alled to him the immortal defence of the heroic oily, he- 
kind the f;iIliDg walls of whiuh lie bod fou^t agaiiii't the French, and 
feiinudi^d to hiin, be said, liku the voice of all Uio holy aAcctions ex- 

fn^seil by the word home. The merccDaiT Swiss troops, when in 
'ranee and Naples, could not bear tlie ' Kanz Des Vachee' without 
lwin<; overcome tiy it. When from mountain to moantain the signal 
ofrL-voU summoned to the eaiisu the throe insur/rent Cantons, the dc- 
fcnions RMucd liy tbia air beoune so frequent that the GoTernmeat 
Jin^ibtlcd it. The reader will rpmomber the comic elTect produced 
jipon the Frtnch troops in the Ctiniea, by the Highlanders marching 
tu battle to the sound of the bagpipe, whose harsh piercing notes in- 
irnred these brave mountaineers with valor, bv recalling to them 
tbrir cnnntrvand it« beroic legends. Napoleon lit. finds himself com- 

Glted to allow the Arab troops incorporated Into his army their 
rbaroua tam-tam music, lest they revolt. Tlio measured beat of the 
drum Boslain* the soldier in long marches which othcrwiKc wuuld be 
iniDnporlable. The Marseillalso contributed as much toward the 
rrpDblioan victcries ori793, when France waa invaded, as the genius 
of General Diimouriez. 

"9. Mtitie at a Complex Agent. — It acts at otiee on life, on the in 
itmct, the foroes, the organism. It has a psychological action. The no- 
gmes i^harm ecrpcnta by whistling to them; it ia said that fuwna are 
captivated by a melodious voice; the bear is arnusnl with the fifti; 
canaries and sparrows OQJoy the flageolet; in tlie Antilles, lizards ara 
enticed from tncir retreats by the whiitle; spiders have an affection 
for fiddlers ; in Switzerland, the herdsmen attach to the necks of their 
handsomest cows a large bell, of whicli they aro so proud, that, while 
they are allowed to wear it, they march at the head of the herd ; lit 
Andalusia, the mules lose their spirit and [lower of endurance, if de- 
}>rive4l of the numerous bells with wjiicb it is customary to deck these 
intelligent animals ; In the mountains of Scotland and Switzerland, 
tin herds pasture licnt to the Round of the bagpipe ; and in the Ober- 
land, eatlle Etrayod from the herd are reculed by the notus of a 
nnn«t. 

•*1B condnsion; Music being ^phl/^ieol at/ent, — that is to say, act- 
on the individual without the aid of his intelligence; a moral 
It, — that is to say reviving his memory, exciting his imagination, 
reli^ng his sentiment ; and a complex agent, — that is to say, having 
physiological action on the instinct, the organism, the forces of man, 
] dednee tkiui this that it is one of the most powerful meons for en- 
bling the mind, elevating the morals, and, above all, refining the 
umers. This truth Is now so well recognized in Europe, that we 
e choral societies — Orpheoti and others — multiplying as by enchant- 
nder tbe powerful impulse given them l)v the state. I speak not 
ly of Germany, which ia.-isingiu^nnticin. whose laborious, peaceful, 
■lligunt peopli' have In all time os^tm-iatcd choral music as well with 
iriahora jts irith Ibcirpli>a$<in'S ; but I may rite particularly France, 
IfeA to-dar counM more than eight h»ndrc& Ot^VoTi ' ' " — 
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posod of workinf^en. How many of thosu. who formerly dinips 
their leisure timi! at drintciiig-IiouseB noir lind an cnnoblins Kcn '' 
in these associations, whi^re the »piiit orunjoa and frateruity ii m 
derod and developed. And if we coidd get at tlie stitisties of ci 
vbo can doubt that tbcy nouid allow it had diminished in propo 
to the increase of thesa societies f In fact, men are better, the be 
is in some sort piirilied when imprej^nated with the noble honnon 
of a fine chorus ; and it is ililGcult not to trerU as a brother one wbi 
Toicc ha« mingled with your own and whose heart has been anited 
yours in I community of pure and joyful emotions. If Orphoon 
i^iutiea over become established in America, be assured that bai^rooml 
the plague of the counlrj-, will c«aso, with revolvers and bawic-kniva 
to be popular institutions. 

THE GREAT INDIAN Cn'CLONE OF 18M. 

On the night of the 1st of November, 166'!, a cyclone or hnrricai 
swept ovcrthe Bay of Bcn^l and the adjacent coasts, which, asrcgin 
power and destructive elrcet. was probably the most romarfcable w 
terrific nhcnDmenoD of the kind, which hixturv has ever i-econiei 
Sixtif laoiuand pertont, according to the official govemment rcpoll 
were destroyed by the iniiuedlatc ai-tion on this stonn, whiw i 
equal or greater number have probably died through its later tu 
ii^rect influence. 

"Sixty thousand persons." says the Loniion Tima, "was the numb 

cstimnted to have been killed by therarthijuake at Lisbon, c '' 

day of the month, a century ago- Nor was the pro portions 

tion less than it was then. In the island or Saugor, out of fi.S 

Cons, but 1,200 have been left. The remaining 7.000 pasfod, 
than an hour, out of existence. AH along the eastern voMt 
the Indian Peninsula went wind and eturm, fuililling Uis word. 
was the time of spring tides, and under the influence of tlie hnn 
cane the sea rose to an unexampled hight. Up the i.'ourse of tl 
Gan^s the wave rushctl, overwhelming the villages on the banks, ti 
leaving the few who surrived the flood to perish for want of food 
their grain rotlocl and their crops were destroyed by the salt 
and they had no resource but to die. But the scene of the g, 
disaster appears to have l>een Masulipalam, about half-way down _ 
roast. The town lies a little to the north of one of the mouthsof tl 
Kistna, on the plain which stretches from the Kistna to the Uodaver; 
The mud which has for ages been washed down tliese rivers. In 
fonned a district little above the level of the sea. In the wet seaac 
it is overflowed by the freshets of the Kistna, and it rdiuires at i 
times to be protected from the ocean by sea-w^ls and dikes. Tl 
Dutch, who first settled at Masulipntam, probably saw in its situMk 
something which reminded them of Holland, and congratulated then 
selves that the single good anchorage on the coast was close to iw 
a fiat and fruitful plain. But the qualities which appeared to the 
advantages, made blasidipntam an easy iirey to the slonn. 11 
1 Cyclone, rushing across the Bay of Bengal, fell upon the spot whit 
I least prepared to meet it. The center of the hurricane paSM 
_ --Ami a wite of the devoted tovfn oi 10 p. »., on tiua \A «A 'S^iptni 
rfcar, id a night of uttor darkaBsa. Anii ^3ae tAanu tA ^woii ».'5i 
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Vive 13 feet 1u||^ dbn Ae Ug^eil tide^airk nmoiiaicd 
walk aad dikes and poared over the wfaile of the sarnmndinz eoonirr. 
For an hour Ae water nae and covered nearlr 900 ffqaire miLe» 
of the plain, aiMl wben it retired, at 11, tlie work of destmL-doo 
waidone. The plain te W nilet alone tbe coast and from nizie to 
tea mQea inland had been m bin e ig ed, and in one place the st:>rai-ware 
lad readied a ipot 17 wlea tram the shore. We can onlr feebly pic- 
tore to onnelvet Ae deeolation of the scene. The low-4>aih houses 
of the natives had been washed awar, and those which might hire 
reached above the wave had been blown down br the fdnr of the 
storm. The fiercest powers of the natnral world were at work, an 1 
in the daikness of nigtit there was no c^^jp^ possible, whaterer m:>;ht 
kave been done in Sie light of daj. Whole villages were cntirviv 
destrojed; their inhabitants were drowned, their cattle were lust, 
their crops were bnried beneath a thick deposit of mad and sand. To 
have bem the sole sorvivor of such a calamitv was, perhaps, a more 
and &te than to have perished with kinsfolk and ftienJs. When 
help came from ICadras, tooae who bron^fat it witnessed a sight which 
Ihejr will not easilj forget. The mad banks were fall of anbuncd 
corpses in everr poarible attitude, combining the grotesque and the 
konible. Side bj nde laj one whom despair had reduced to abject 
resignation and another whom it had driven to wild defiance. ILilf 
the town was in rains ; fallen trees, drift, the ruins of houses, and deep 
pools of salt water made streets and roads impassable. Huge bar^s 
lisd been carried into the center of the town, and masses of solid 
sttsonij had been rolled, boulder-like, distances of 60 and 70 yards. * 
The first impression of those visitins this city of death, was sufficiently' 
awfal, bat when alter a while the tiue of destruction was reckoned, it 
^ was seen that the first horror had fallen short of the reality. In 
fort and town i of the inhabitants had perished. One thousand 
were drowned in the fort and 15,000 in the town, and in the surround- 
ing Tillages 20,000 more had met their death. In one Brahmin 
village on the outskirts of Masulipatam 70 only remained alive out 
of 700. For a single night, or rather for a single hour, the destroy- 
ing angel had been at work, and when he finished it was as if the life 
of man and the life of nature had both been effaced. Beneath the 
sweep of his wings the prosperous plain had become desolation and 
the miitful villages tenantlcss.^ 

The destruction of property caused b^ this storm at Calcutta, and 
other places, Iras immense; and effects of the visitation must 
remain impressed apon the country for years. 

THE FORCES IN NATURE. . 

The concussion of one pound of hydrogen with eight pounds of 
oxygen is equal, in mechanical value, to the raising of 47,0(K),CH)<) 
pounds one foot high. I think I did not overrate matters, when I 
said, that the force of gravity, as exerted near the earth, was almost 
a vanishing quantity in comparison with these molecular forces ; and 
bear in iiund the distances wnich separate the atoms before cunibi na- 
tion, —distances so small as to be utterly immeasurable, still, it is in 
passing over those distances, that the atoms acquire a velocity sulH- 
eieai to cMoae them to clash with the tremendous eiiQT\^ va^«:a&M.^ 
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the Above numbers. After combination, fLe subalance l« in a itats 
of vdp<ir, wliich sinks to 2['J^ Had ailcrwartl condcnncs to watix. lii 

tthe Srst instance, tlie atoms Tall togetlicr to fann tlic oompound ; ill ■ 
the next iiistani.'c, tlie molomlcs of &b rampouud fall logotbcr tu fo>))kfl 
a liquid. The mechaDical value of tiaa act can be also caltnilataajV 
nine pounds of steam in falling to vattir, generate an amount of hcil ^ 
sufficient toraiao95<iXi'='*.''l1 pounds of Wtttor ITnhr. Muitipiving ^ 
tUis number by 772. «u have a praUuct of 6,718,710 fool-pouiiiis (a 
foot-pound is a pound raised one foot high) as the muebonicju value u! 
tlie mere act of condtns.ition. The next great litllorournitiG poancla 
of water ts from the state of liquid to that of ice, and the mucluiii-* 
oal value of tliis act is e^nal to 993, ■'^64 foot-pounds. Thus unr 
nine pounds of water, tn its origin and progress, falls down thtue 
gnat prectptees; the first fall is equivalent to the descent of atiin 
weight, utvedby gravity down a precipice 22,320 feet hiab; the second 
fall IS equal to that of a tun down a precipice 2,900 fbet nigh ; and the 
third is equal to the descent of a tun down a precjpii» 433 fuBt high. 
I have seen the wild slonc-avalanches of the Alps, which smoke ftod 
thunder down the declivities with a vehemence almost sulHcinnl to 
stun the observer, t have also seen snowllalccs, descending so oofllj 
as not lo hnrt tbe fragile spangles of wluch they were cotn]iused ; yet, 
to proiluce, from anucous vapor, a quantity of that lender ouitfH 
rial which a child could carr^, demands an exertion of energy compe- 
tent to gather up the Hhattt^red blocks of the largest stone-nvalancbo 
I have ever seen, and pitch them to twice the hight from which 
tbev rail.— T^ndof' oil Heat. 

Bodily Work and Waste. — Every manifestation of physical force 
involves the inetamorphosis of a certoiu quantity of matter. Prof. 
Houghlon of Tiinity College, Dublin, oasurts, as the result of hii 
investigations, that, in the tiuman organism, there is a definite rela- 
tion between the amonnt of force exerted and the aiDount of urea 
generated. The urea formed daily in a healthy man, weighing 11)0 
pounds, fluctuates from 400 to G50 grains. Of this, 300 grains tfV the 
miinlt of vital work ; that is, of force expended in tlie motions of tlin 
digestive organs and the heart, and in sustaining the temp<*ratiire of 
tlio body at a uniform rate. Tbia amount exceeds all other foree gen- 
erated nnd expouded in the system, and is equal to that re<iuirad la 
raise 7tid tuns one foot high. lu uldition to the mere act oritving, 
the working man undergoes bodily labor equivalent to lifting 300 tuni 
one foot high daily, which requires the formation of 77'38 graios ut 
urea. The force expended in two hours hard mental labor involve* 
an expenditure of power equal to lifting 2ti foot tuns, and a gcoerv- 
> tion of urea weighmg 66 grains. Thus we have a minimum lbrmatioQu.1 

of urea durii^ 24 hours amounting to 477,33 groins, for which tt ' 
is expended force equal to 969 foot tuns. 

Kolt. — Urea is a colorless substance, which by slow evaporalioa 
crystallizes in four-sided pritimii. It conaists of two atoms of carbon. 



two of nitrogen, two of oxygen, and four of hydrogen, Ita rational 
" - ' ' - ■ ' deliLiit ' ■■ ■■■ 



firmula has not been deUiiitoly settled. A liLllo 

cent by weight consists of ulnigen. It is tliroiigh this impoi 

compound that nearly all the nibco;jQik oV (Xwj eiiiajvrtKi ■' ' 

boil/ are n-ioored. According lo BticnvioTe\. liunci 
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urea farmed in the male sex in the ratio of 17 to 15. Aldiougb the 
auiiiiuit dcpenda somewhat on the nature of food, LebmaDn discovered 
Jfiip ago tlial strong cxwrise of the bod llj" powers incrensed its escre- 
tiiin. Uvea Wtti liret made artilidally from inorguiiic: Bubstanui'a by 
^Vuli]i>r. By the addition of two aloma of water, iirea is cfain^i^dUi 
the carboDftte of amiuonia, and thus bei^omes k valuable fertiliser. 
KAtiNETISK OF IBOK AND STEEL TURNINGS. 
Iron and eleel " tumbcs," or the lone RpiraU resultinji frnm the 
operation of tuming metal in the lathe, have been discovered by M. 
GreifM, to poBKHs magnet properties. He has communicnied a 
■Iiort ])3p(!r on tlie subject to n late number of Poggendor^'^s AnnaUn. 
Both steel and soft iron turnings were found by him to have a very de- 
dded and permanent polarity, and to behave in dU respects lilte ordinary 
magneu. He was partit,Tjlar'ly struck with the permanence of the tnag- 
uetism in the case of the soft iron. His Httempla to trace some coa- 
neclion between the direction of the spiral which the tumingn osiume 
when they leave the tool, and Ampere's Ian of the circulation of the 
curreDtn, were only attended with partial success. He found, however, 
that the end of the turning at whicn the tool began its work, was inva- 
riably a south pole; the end at which it left olf, a north pole. A com- 
parison of the plrength of the magnetism m different specimens, led him 
lo notice that the luminga whose revolutions were in tne opposite direc- 
tion to the motion of the hands of a watch (the olisener being at the 
■■pth poie) showed a much stronger ma^etic power than those whose 
Hkolutioiu corresponded in direction with that motion. 

B^f. 



DyNAlIICAI. THEOET OF ELECTKO-MAQNETISM. 



rof. Maxwell, in a late number of the Proceedings of the Royal 
oaaetj, hu published a "Dynamical Theory of the Electro-Mag' 
netic l^eld,'^ in which be seeks for the oriein of the electro-magnetic 
effects in tho medium surrounding the electro-magnetic bodies, and 
Rssumes Uint thc^ act on each other, not immediately at a distance, 
but throDch the mtervcntion of the medium. He considers tlie exist- 
ence of this medium as probable, since philosophers believe that it is 
m such a medium the propagation of light takes place, its properties 
being: 1. That the motion of one part communicAles motion to thu 
porta in ilA neighborhood (Iranavcree Tibrations). 2. That this 
ronimuiiication is not instantaneons, but progressive, and depends on 
tlie elasticity of the medium as compared with its density. Fruf. 
MaxncU, after referring to the researches of Faradaj-, Thompson, 
and others, on the subject, and expressing hia own opinions, defines 
light, according to his theory, as consisting " of alternate and oppo- 
site rapidly recurrinf; transverse magnetrc distm-bances, acoompajiiied 
with electric displacements ; the direction of the cicctrio dispbu:«- 
it being at right angles to the magnetic disturbance, and both at 
ll angles to the direction of the ray." 

PUOTOGaAPUS OF THK EtECTRlC SPARE, 
if. Rood of Columbia College, N. Y., communicates to Silli- 
Joumal, No. 114, some researches on the electric spark ol)- 
' through the aid of photography. 'Ibii iiii;\.\iq4 CQvaviVk \a 
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allowing the electric iliachargo to fall directly o 

grapliii^ plate, nben it pro<liiccB latent imtigcs of certain [orm, 

umlcr the aotion of t£e developer, yield four alioqi, rhanuteriidt 
pictures. There ia a marked dinereace between the positive and neg' 
ativc figures, — the former conriRting «ssentially of one or more itatt 
or rings in combination, vrhile the latter is made up, for diort dl*- 
cliargoa, of a collection of dot^, or minute circles, whii:hj by the we 
of a greater length of discharge, become converted into two or 
more tliidc concentric rioga. 

KKW ELKCTHO-HAGNET. 
Is it possible that our prosent electro-magnet is to what it miglit ba, 
what the coc-wbeel of the early railway engineers was t« the preMot 
smooth one r For after our electridans have for so many jean bMg 
Dxhaiutiii^ their iiigcauity to accomplish s certain object, M. DuHoft- 
eel of I'ana — no mean autliority in such matters— eomea forward toi 
declares that the object gained by ihftt ingeuuity is worse than useleH, 
An clectro-uiaenct may bo brielly defined to be a cylinder of ires 
covered with a liclix of wire ; very powerless b the iron if no current 
is passing through the wire ; very powerful is it — witness the Boyol 
JuKtiLutiun magnet, and the one in Paris which is covered with SO.VJD 
fl. of wire and lifts a weight of three tons — while a current passe*. 
We may eay, therefore, that the power of the magnet depeuda on llie 
wire ; and it has always been considered necessary that the wire, tliiii 
or thick, according to the work to be done or the strength of ihi' 
current used, must bo most carefully covered with an insulated sab- 
stance. So we have wires covered with silk, with cotton, Inilia-rubln.' 
and varnishes of different kinds. And this equally in the electro-ma; 
nets used fur experiments as in those used for Uie ten thousand purposei 
in which eleetricity is now being daily employed ; indeed, we may alnwM 
Bay that electricity works by electro-magnets. Some time ago, 
Carlier, an electrician in Paris, asked himself the quesUon — la 
covering neoeaiary 7 And he vcir properly set to work to make 
electro-magnet with uncovered wire to answer the tpiestion. M. Dpi 
Moncel, in a communication to the Paris Academy, on the dlh tnst. 
declares that the answer thus given is so extraordinary, and tlie powtr 
of tiie uncovered oloctro-magnet so great, that be can scarcely belicvu 
his own experiments. Not only can these new magnets produce alt 
the effect! of attraction of the covered ones, but the effects in some 
casus are more than doubled. Let us produce M. Ou Moneel's figiuvj. 
A bar of iron 4^ centimeters long, and 7 millimeters in diameter, cov- 
ered with a single spiral of wire 0.377 millimeters in diameter, with 
two small Bunsen's elements, sustained a weight of S'9 kilograiumcs ; 
covered, it could only support 2'i kJlograimncs. A larger niagnii, 
covered with 13 coats of wire, held up SiO grammes; with (MVond 
wiro it could only support fi40 erammes. The cffecta of dtstoiil 
Mtractiin were even more favorable. At a diatauce of one luilliiu.'- 
Icr, and with a Daniell's pile of 2f( elements, the weights attnulcil 
WUPJ as follows :— Circuit. New ft! agnet. Old Magnet. 






NATURAL PHILOSOPHY. 203 

The requisite condition to obtain these effects is that the different 
" coats ^ of wire shall be separated from each other by a piece of 
paper, and that the interior of the bobbins, whether in wood or copper, 
should be covered also with an isolated substance. The advantages 
of this i^stem are obvious, the first bein^ reduced cost of the mag- 
nets. Then we have greater effects, whioi is tantamount to a reduc- 
tion of size, — and consequently another reduction of the cost. The 
'* extra currents'*^ being also done away with, a more prompt movement 
of the armatures results, and tiierefore greater usefulness in induction 
coils. In telegraphic instruments they present the additional advan- 
tage of remaining unaffected by lightning. M. Du Moncel remarks, 
by way of explanation — explanation is easier than prediction — I con- 
aider that in magnets of the new construction the surface of con- 
tact of the spirals between themselves represents, in fact, a linear 
spiral, oi wnich the points furnish derivations. We can easily 
imagine that the electric flux provoked by these derivations can 
only be produced by furnishing a series of superposed currents 
circulating through aQ the folds of the metallic helix, by reason 
of the resistance to the passage from one spiral to the other. 
Now, if the primitive current circulating through the helix is weakened 
by tiiese derivations, it is reinforced by the derived and superposed 
current, which, in over-exciting the pile, furnishes at last a more 
energetic current. Besides, it must be borne in mind tliat the direct 
current which results from the derivations, and which passes through 
the spirals towards the axis, ought to be derived from them, and as 
it is not enfeebled by its passage, it should augment the intensity of 
the current which flows through it." Lastly, the quantity of 
uncovered wire which can be used for a given magnet is greater than 
that of covered. 

ON THE INVISIBLE RAYS OP THE ELECTRIC LIGHT. 

We are so accustomed to associate the word ray with the idea of 
light, that the term dark or obscure rays stimulates the imagination by 
its strangeness. And such is more particularly the case mien we are 
told that the major portion of the radiation of the sun itself is of this 
invisible character. This great discovery was announced 65 years 
ago by Sir William Herschel. Permitting a sunbeam to pass through 
a glass prism, he formed the colored spectrum of the solar light ; and 
carrying a small thermometer through its various colors, he deter- 
mined their heating power. He found this power to augment grad^ 
ually from the violet to the red ; but he also found, to nis surprise, 
that the calorific action did not terminate where the visible spectrum 
ended. Placing his thermometer in the dark space beyond the red, 
he found the heating powdr there to be greater than m any part of 
the visible spectrum. Sir William Herschel concluded from his exper* 
iments that besides those rays which, acting separately upon the retina, 
produce the sensation of color, and the sum of which constitutes our 
ordinary sunshine, a vast outflow of perfectly invisible rays proceeds 
from the sun ; and that, measured by the heating power, the strength 
or energy of these invisible rays is greater than that of all the visible 
rays taken together. 
* This result was questioned by some and coQ!&xvn(^(\.\$^ o\)Cifix%\\^\)X>« 
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liko evciT' natural truth that can be brought to the test of experiment, 
the verity of Sir William HerschePs announcement was soon com- 
pUitcly established. Forty years after the discovery of those invisible 
rays by his father, Sir John Herschcl made them the subject of exper- 
iment. He made an arrangement which enabled him to estimate the 
heating power of the spectrum by its drying power. Wetting by a 
wash of alcohol paper blackenea on one side, he cast his spectrum on 
this paper, and observed the chasing away of the moisture oy the heat 
of the rays. His drying paper presented to him a thermograph of 
the spectrum, and showed the heating power to extend far beyond the 
red. 

By the introduction of the thermo-electric pile Melloni created a 
new epoch in researches on radiant heat. This instrument enables us 
to examine, with a precision unattainable with ordinary thermometers, 
the distribution of heat in the solar spectrum. Melloni himself devot- 
ed some time to this subject. He had made the discovery that various 
substances, in the highest degree transparent to light, were eminently 
opaque to those invisible heat-rays. I*ure water, for example, is a 
body of this kind. Only one substance did Melloni find to be equally 
pervious to the visible and the invisible rays, namely, transparent 
rock salt. And though the researches of MM. Provostaye and De- 
sains, together with some extremely suggestive experiments executed 
by Mr. Balfour Stuart, show conclusively that Melloni erred in sup- 
posing rock salt to be perfectly transparent, it must be admitted that, 
m this respect, the substance approaches very near perfection. 

Abandoning prisms of glass, which had been always employed pre- 
viously, Melloni made use of a prism of rock salt in his experiments 
on the solar spfectrum. He was thus enabled to prove that the ultra- 
red rays, discovered by Sir William Herschel, formed an invisible 
spectrum, at least as long as the visible one. He also found the posi- 
tion of maximum radiant power to lie as far on one side the red as 
the green light of the spectrum on the other. 

Dr. Franz of Berlin subsequently examined the distribution of heat 
in the solar spectrum, employing for this purpose a flint-glass prism. 
He showed that the inaction of the ultra-red rays upon the retina did 
not arise from the absorption of those rays in the humors of the eye ; 
at all events he proved that a sensible portion of the invisible rays 
was transmitted across the eye-ball of an ox, and reached the back of 
the eye. Professor Mliller of Freiburg afterwards examined very fully 
the heat of the 'solar spectnim ; and representing, as Sir William Her- 
schel also had approximately done, by Imes of various lengths the ther- 
mal intensity at various points, he drew a curve which expressed the 
calorific action of the entire spectrum. 

At various intervals during the last ten years Prof. Tyndall has 
occupied himself with the invisible radiation of the electric ught ; and 
to the distribution of heat in its spectrum he directed attention in a 
recent discourse given before the Royal Institution. The instruments 
made use of were the electric lamp of Duboscq and the linear 
thermo-electric pile of Melloni. The spectrum was formed by means 
of lenses and prisms of pure rock-salt. It was equal in width to the 
length of the row of elements forming the pile, and the latter being 
caused to p&ss through its iranoua coVox^ vel «\]l<(!,^:x^\qi!l^ v^<^ «&aQ to 
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srrh tlie sp&ce right and lefl of iLo visibli? spoctnim, tlic heat roll- 
iii*^ upoa it, at crcTy point of its march, was determined by the dellac- 
tiiiii of on HitreiDely sensitive galvanometer. 

As in the viae of the eoLu- suectnuD, tlie hc&t was rtionit to augment 
from tbe violet to the red, while in the dorlc space beyond the red it 
rose to a maotimuu). TIiu position of tbe maximum wm about ai dia- 
UAt from tbe extreme red in the one direction Hi (he grueo of tba 
■pcvtrum in the opposite one. 

The sugmEtitation of temperature beyond the red in tbe spectmm 
of tbe ek-ctric light is sudden and enormous. Kcprcsenting tlig 
thermal intensities by lines of proportional lengths, and ereetini; 
liii-sc line* as perpeniueulars at the plaecs to whicli tbcv corrcsponu, 
wlien HC past beyond tbe red these perpendiculars eudilenly and greatly 
increase m lengUi, reach a nuximuin, and tlicn fall somewhat more HUd- 
denlj on the opposite side of the maximum. When the ends of the 
peTpendicalarB are united, tbe curve beyond the red, representing tlie 
obwnire radiation, rises in a steep and massive peak, which ijnite 
dwarb by ita magnitude the radiation of the luminous portion of the 
^lectnim. 

Interposing suitable substances in the path of the beam, this peak 
BMy be in port cut away. Water, in certain thicknesses, does tliis 
■»Bry effectually. The vopor of water would do the same, and this 
hct enables un to account for the difference between the distribution 
of beat in the sobir and in tbe utcctric ■nectrmu. The comparative 
Eyght and steepness of the ultra-red peak, in the case of the electric 
lignt, are much greater than in the case of titfi sun. No doubt the 
mason is that the eminence correspoudiugCothc position of maximum 
beat in the solar s[iectrura has been cut down by the aqueous vapor 
of our atmosphere. Could a solar spectrum be produced beyond the 
limits of the atmosphere, it would probably show as steep a mountain 
of invisible rays as that cxhihlted by the electric Ught, whiuh is prac- 
ticAlly auinQuenced by atmosphoric absorption. 

Uavtug thus demonstrated that a powerful flux of dark rays accom- 
pauies the bright ones of the electric light, the question arises, " Can 
we separate the one class of rars from Uie other f " 

One way of doing this would be to cut off tbe luminous portion of 
Uie decomposed beam by an opaque sereou, allowing the non-luminous 
portion to pass by its edge. We might then operate at pleasure upon 
Xim latter ; — retlect it, refract it, concentrate it. This would as ft 
perfectly philosophical way of detaching the light from the beat, but 
with our present means we could not thus obt^n a quantity of heat 
•ufficient to produce tlie results intended to be exhibited boforu the 
conclusion of the discourse. Another plan consists in following up a 
motle of experiment initiated by Sir William Uenchel. He examined 
tlie transmission of solar heat through glasses of various colors, 
tlirougb black muslin and other substances, which intercepted a largo 

Crtiun of the solar li^ht. Melloni subsequently discovered that 
apbUck, and also a kmd of black glass, while perfectly opaque to 
light, transmitted a considerable cjuantity of radiant beat. In Prof. 
Tyndall's " Lectures on Heat," given at tbe Royal Institution in 1863, 
and since riade public, experiments with these bodies are described. 
It wa» wbili conversme with Ms friend Mr, Vf »rtca'Oa\«ift»»,ia'SB» 
■ " 
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a of 1861, on tlie possibility of elfting, hy absorbents, the li; 
of a bvaiu from it* heat, that Prof. Tvndill firjl learned that er"^ 
vroa the substance irbi(.'h rendered Melloni's glas» opaijuc. '£\n 
WHS of peeuliu* iiUt^n;st to him, for it and others seemed to extend ii> 
solid bodiea a law whii-U be luid detected two rears previmisly in his 
experiments on gases and vapors, and which eDuw<^ that elemfntory 

ases were lughly Lranaparent, while compound gases were all moiv 

r leas oyaAipa — many of them, indeed, almost perfpctljr onnijoc— 
to Invisible ndiuit hcaL The enormous differences exjstmg W-iWLf r 
clementar)' and compound gases, as regards their opaci^ to raJiAiiI 
heat, is illnstrat«d by the following facts : For eyeiy ny iotcroppwd 
in a tube four feet long, by a ocrtain measure of air, oxygen, bydru- 
gen, or nitrogen, transparent ammonia strikes down 7,260 rays, ole- 
fiant gas 7,950, while transparent sulphurous add destroys 8,800. 

In Prof. Tyndall^s first experiments on the invisible radiation of the 
electric light, black glass was the substance made use of. The speci- 
mens, however, wiudi he was able to obtain destroyed, along witt d« 
viaihlo, a considerable portion of the invisible radiatioa. But tlie di^ 
covery of the deportment of elementary gases directed his attention 
to other simple substances. Ue cxainineil subbur dissolved in bi- 
sulphide uf carbon, and found it almost perfectly transparent to the 
invisible rays. He also examined the element bromine, and fonod 
that, notwithstanding its dark color, it woa eminently transparent lo 
the ultra-red rays. Layers of this substance, for example, which 
entirely cut off nil tbe b^ht of a brilliant gaa flame, transmitted ib 
invisible radiant beat with freedom. Unally, be tried a solution of 
iodine in bisulpbido of carbon, and arrived at tbe extraordinary result 
that a quantity of dissolved iodine sufSeiently opaque to cut off tin 
light ofthe mid-da^ sun was, within tbe limits of experiment, absolutely 
transparent to invuible radiant boat. 

This then is the substance by which the invisible rays ofthe clertrio 
li^t may he almost perfectly detached from the visible ones. Con- 
centrating by a small glass mirror, silvered in front, the rays, emitted 
by the carbon points uf tbe electric lamp, we obtain a convergent 
cone of light. Interposing in tbe patli oE this concentrated beam a 
cell containing the opaque solalion of iodine, the li^ht of the cone is 
utterly dcsttuyed, while its invisible rays arc scarcely, if at all, niedr_ 
died with. Iliese converge to a focus, at which, though nothing c 
be seen even in the darkest room, the following series of eScccs ir 
bo produced ; — 

When a piece of blaulc paper is placed in the focus, it is pior««cl tj 
the invisible rays, as if a wliite-hot spear had been suddenly drivf 
through it. T*he paper Instantly blazes, without apparent contact w'' 
any thing hot. 

Apiece of brown paper placed at tbe focus soon shows a red'll 
burning surface, cxti^naing over a considerable space of liie p«w 
wbicb unally bursts into Same. 

Tbe wood of a hat-box similarly placed, is rapidiv burnt throtlffl 
A pile of wood and sbavings, on which the focus f^ls, is qoick^ a 
iut«d,_and tbus a fire may be set burning by the invisible rays, 

A cigtr or a pipe is immediately \i<^HVtid « Wn ^Uced at tiic fociu d 
ftriiible rays. 



A piece of cbuvoal, suspi'uiktl in a glass recdvcr fuH of oxygen, is 
M on fire at the focus, burning witb the splendor exhibited by tiila 
mbstance iu ui atmosphore of oxygeu. Tlic iuvisible rays, tfiough 



A tnixtim of ozygcD and byilrogcn is exploded in tlie dark foL'us, 
tkraugb the wnitioTi of its c-nvx-lop. 

A atrip of blarkcnod Kiiic-foil pluced at the focus is pierced sjid in- 
flUDcd by tlio invisible rays. Dy grailunlly drawing tbc strip through 
tbe locus, it may be kept bUzing with its charaeturistic purple li^t 
Ibr a coniiiderablc time. This experiment is particularly beautiful. 

Uagnniam wire, presented suitably t« the fotua, bums with aUnost 
intnlenible brillioney. 

Hie cSitts tiius for described are, in port, due to chemical action. 
Htc substances placed at the dark fotus are oxyJixabto onus, wbich, 
when heated sufficiently, aru aHocked bv the atmospheric oxygen, or- 
dinaij ctmbustion being the result. But the experiments may be 
jreed from this impurity. A thin plate of charcoal, placed in racuo, 
is raised to incandescence at tlic iol'us of isTisiblc rays. Chemical 
action is here entirelv excluded. A thin plate of silver or copper, 
with its surface slightly tamislicd by the sulpliido of the metal, so as 
to diminlsli its reUertive power, is raised to incandescence either »u 
vacuo or in air. ^\ith sutliiient battery-power and proper ooncentro- 
lion, a plate of platinized platinum is rendered wliite-hot at the focus 
of invisible rays ; sjid when tbc iiicantlcscttit jilatiuum is looked at 
through a prism, its light^elds a complete and brilliant spectrum. In 
all these cases we have, m the lirst place, n pcrluctly invisible image 
of the coal points formed by the mirror; and no experiment hitherto 
made illustrates the identity of tight and heat more forcibly than this 
one. When the plate of metal or of cbart^oal is plaucU at the focus, 
(he invisible image raises it to incandescence, and thus prints itself 
visibly upon tbe plate. On drawing the cool points apart, or on 
causing tticm to approach eai;h other, tlie thermograph ol tbe points 
follows ibcir motion. By rutting the plate of carbon along tbc boun- 
dary of tbc thermograph, wc may obtain a second pair of cool points, 
of the same shape ns tlie original ones, but turned upside down ; and 
thus bv the rays of the one pair of cool points, which are incompetent 
to excite vision, wc nuy cause a second pair to emit all the rays of 
tbc spectrum. 

The ultra-red radiation of tbe electric li^t is known to consist oI 
ctberval undulations of greater length, and slower periods of recur- 
rence, than those nbich excite vision. When, Ibcreforc, those long 
waves impinge upon a plate of platmum, and raise it to incandescence, 
their penod of vibration is changed. Tbe waves emitted by tbe plali- 

' ' " ■' - -- -' - -'-lo&ir 



arc shorter, and of moiti rapid recurrence, tlian those tailing upon 
it, tlie refraiigibihtjr being tliereby raised, and the invisible rajs ren- 
dered visible. Thirteen years ago. Prof. Stokes published the noble 
disi-ovi-ry that by the agency of sulpbaie of quinine, and various other 
eiituiUuices, tbe u/tra-riofel rays oi the spectxum c.(«i4 \ifc iisttiRiKi 
tiaiiJe. These iarUible ntya oS: H^ mtaugftjili\.5 , '™i.vwia-''\f*¥™' 
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a proper medium, cause the molecules of that medium to oMillato in 
slower periods than those of the inciileiit wtvea. In this rase, there- 
fore, the infisible raya are rvndcrcd vi'ible by the loieenni/ of ilirit 
rcfrangibility ; vbilc' in the ei peri meDts of Prof. Tj-niUll. tlie ultra- 
red rays art' rendered visible by the rauiag of their rcfnuiglbilily. 
To the pliCDomeiiB brought to light by Prof. Stokes, the tenn/uorw- 



la been applied by their discoverer, and to the [^enomena 
d Irof. Tyndall proposes to apply f 



brought fonrard I rof. Tyndall proposes to apply the term ealura- 



It was tbe dis< 
opaiiuu to light, and a] 
aubsUneo w6ch c 
off » 

almost imtouched, ^at led Prof. Tjudail to the foregoing reaulti. 
They lay directly in th<( path of his investigation, and it was only the 
diversion of his attention to subjects of more immediate interest that 
prevented him from reaching much earlier the point which be has 
uow attained. On this, however, Prof tyndall can found no claim, 
and the idea of rendering ultra-red rays visible, though arrived at in- 
dependently, docs not by right belong to Lim. Tlie right to a leien- 
tific idea or disrovery is secured by the act of publication, and, in 
virtue of such an act, priority of conception as regards the i^onversioB 
of heat-rays into light-rays, belongs indispritably to Dr. Akin. Al ilia ' 
meeting of the British Association, assembled at Newcastle in IS63, ' 
he proposed three experiments by which he intended to solve tUi 
question. He ailerwards became associated with an accomplished 
tnan of science, Mr. Griffith, of Oxford, anil jointly with him pursued 
the in<]uiry. Two out of die three experiments proi>osed at New- 
castle by Dr. Akin are quite impracticable. In the third it was pro- 
posed to concentrate by a large Duming mirror the rays of the si 



and then t< , , , . 

his eipurimenla a mirror 36 inches in diameter, but he has hith- 
erto fniled to realize his idea. With a mirror four inches in dian- 
ter, tbe rudiaut source witli which bis researches had rendered Um 
familiar, and a substance which he had himself discovered to filter Ae 
beam of the electric lamp. Prof. Tyndall obtained all the results abota 
described. — London lUadtr. 



i 



L 



EFFECT OF THE ATMOSPHERE OK LIGHT. 
M. Janssen has published the result of his researches, shoving dA 
power of elective absorption which the terrestrial atmosphere exer- 
cises on light. This action, he says, is represented by fine nnmeroui 
sombre rays on the spcelrum of all the light, the rays of which have 
traversed a sufficient thickness of our atmosphere. In 18^, Str David 
Brewster announced that ibe solar spectrum at the horizon presented 
new dark bands, whieh disappeared as the sun rose, but did not at- 
tribute theirdisappcaraiif-e to tlie terrestrial atmoHphere. M. Janssen, 
however, affirms that these bands resolve themselves into fine lines 
comparable to the solar rays properly so cAlled; and that tbejan 
Mlwaj-a visible in the spectruin. iinii iwy onVj «\ '■wWmwVj wsc — * 
totbebightot the sun. liefii\i\8 OinJ. \ttfticTi!4.6ni.vitMtfei 
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tlie solar spectrum, the rays of terrestrial origin, are mucli more nu- 
merous and important than the rays of solar origin. He mentions, 
also, an experiment made on the Lake of Geneva, by which he deter- 
mined the presence of these bands in the flame of a firwood fire at a 
distance of about 13 miles. This flame ^ave no band when exam- 
ined near. M. Janssen also states, that his experiments prove that 
the vapor of water dissolved in air, — that is, in the state of an elas- 
tic fluid, performs an important part in the production of the phe- 
nomena ; and he considers that the results of the researches of Huggins 
and Miller confirm his own ideas. 

DURATION OF TWILIGHT AND HIOHT OF THE ATMOSPHERE. 

Herr Julius Schmidt, of the Athens Observatory, communicates to 
Astronomische Nachrichten a series of observations to determine the du- 
ration of twilight, and the hight of the atmosphere. He arrives at the 
conclusion that the minimum night of the atmosphere ranges from 7 '5 to 
10*5 geographical miles (15 to an equatorial degree r), and that it 
varies with the time of year, being highest in November, December, 
January, and lowest in May, June, Jmy. The depression of the sun 
necessary for the close of twilight is not constant, the ordinary reck- 
oning of— 18° being correct only in extreme cases. 

NOVEL USE OF POLARIZED LIGHT. 

M. Chacomac the French astronomer states, that while recently 
watching small cumulus clouds that formed themselves soon afler sun- 
set, he observed them appear as bright spots seen on a dark ground, 
or as dark spots on a bngot ground, acconling to whether he shut out 
the polarized rays, or let them reach his eye. From this it appeared 
that the proportion of polarized light was sufficiently great, that dark . 
spots became luminous through the action of the analysing prism, 
and thus, passing firom the condition of negative to that of positive 
vision, * could be seen fiirther off. The region of maximum atmospheric 
polarization he states to be near the honzon about 78° from the sun, 
it there amounts to about •^^ of the total light which the atmosphere 
reflects. He suggests that by adding an analysing prism to the eye- 

Eiece of a telescope, distant capes at sea, and other objects, might 
ecome visible, just as he was able by such means to see alpine sum- 
mits after they nave been completely screened from ordinary vision 
by a light fog. 

SIMPLIFICATION OF THE COMMON PUMP. 

A modification of the ordinary suction pump has recently been pa- 
tented in France, which- seems, for many purposes at least, to recom- 
mend itself strongly by its simplicity , and other good qualities. The 
eommon pump consists, as is well-known, of a barrel, a piston, and two 
valves opening upwardjs ; the pump to which we direct attention, of 
only a barrel, a solid plunger, and a single valve. The former pump 
is exposed to great wear and tear, and very considerable friction, from 
the necessity for the sucker fitting the barrel exactly ; the latter is 

* Negative vision is wben a dark otject is seen, not bv its own lig^ht, but by con- 
trast with the light sorronnding it. Positive vision la ^h^u vn v>\)V^^ V^\\&^^^ 
by the light wMcb it eaUU iur reflects. 

18* 
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- IouHt free fmoi lbei« objcrlioa*. Our readers may make n 
Imt model of the dcw pomp br fittmg vMcr-tiglil into one ci 
eriindiica] gliM (n* cbivBeT « piece of wood a- cock, in tbe 
or «Ui-fa i* «n apettare, doacd witUa dM C^b** cjludm' by a 
leather, wliidi mil act •« > nmple. bat uAenUf watet~ti^ 
umI folecdDg for the phtoger a tMck 
ejltDder. To work ibe uipantna il 

jMimger b tbe cylinder, fill tbc tpaoe aroond it with water, and pi 
Ibe doaed end of tbe cylioder in a noall qaantity of that t*' 
Wben tbe plrnieer u drivn ap. tbe Talie open*, aod vat«T ni 
in to aupply ube tacaum. Wbeo tbe plonger is tben puabed S 

r'a. the wat*r flow> onl tbrw^ ibe npptr end of the cylinder; anj 
ibe process maybe cotidnaed for any kngth of lime. Itt^n 
evident that the fluid toar be made to issue from a Bpout or tube, if tha I 
upper end of the ban-el u enlarged. The principle on which lija ' 
punip produces iu eflett !« the same as that of tbe eonunon pump. 
iMit It might be aopposed that, instead of water rushing up tbrooEl" 
tbe valve, water, and eren air. would pass down from arouDd (he 
plunger. This, however, is not tbe case; and it is ibe most eurioai 
drrnmftance connected with the apparslus. It may be accounted for, 
however, bj tbe capillary aaraction which exists between the plimgwj 
and barrel. Kxperiment alone can show how large such a ~ 
may be made, or from what depth it would caii.>ie water to ai 
but there are most probably many porpoaec for which it would m 
well. 

CUK10U3 PHYSICAL EXPERIMENT, 
An intereiting experiment, wbicb. tlxmcfa not new, is Bot , 
known, may be performed as follows : Roll up a lui^ card ii 
a qnartcr of an inch in diameter, and make tlie joint ti^t by a 
■ealins-wax. Then cut a disc of card two inches in diameter, make 4 
hole through ita centre exattly big enough to admit the tube. Sed 
inp-wax the card disc on to the lop of the lube so as to form aflan^*^ 
taking care not to let the tube project above the surface of the disc* 
Cut auother card disc of the same diameter, and lay it on the Ibrmer, 
holding the tube nuite upright with the disc uppermost. Blow gen- 
tly through tb^ tube, and tlic loose disc will be throwu off the flange. 
Ite|>laco it, and blow with ^at vehemence. The disc will then nol^ 
be thrown off, but will remain close to the flange, vibrating strong' 
The louse disc may then lie phiced on the table, and the tube with 
flange <lownwards held vei^ near it. On blowing violently the loo 
disc will spring up toward the flange aud vibrate as before. 
TESTING OF ClIAIN CABLES. 
An interesting paper on the above subject was recently read by S£f^ 
Paset, C E. before the Society of Arts, nie average tenaci^oftl 
bars of which the littka are niaik is stated to be 24 tons per sqna 
inch; of tills Stt.T5 per cent is lost in the finished link, in co 
qnonee of (1) the ^omotrical form of the link, (2) tbecruslungal 
undergone by Ihu mside of the crowns, (3) the det4.'Tioration gf 
iron in bending, and (4)the loss of strength at the welds. As bi (1 
proper testa of the cable, Mr. Paget sueg'^ats t^bKLalua^af a^ 
^iloo hy fij-drauliu presBure as alionlVog tt . ■ . . .. 
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of the iron employed, testing; the entire cable to a fixed proof strain, 
ind finallv, bj blows or impacts, as specially adapU'd for the discov- 
ery of falise welds. The apparent increase of stren^h of bars re- 
peatedly broken, first exhibited in the experiments of Mr. Lloyd, is 
shown to be due to increase of hardness, or of the difficulty of the 
lading to and fro of the particles so that whilst the resistance to 
purely passive loads is increased, the resistance to impulsive forces is 
enormously diminished at each fracture. The value of the government 
hydraulic test of 11*46 tons per square inch is discussed, and the per- 
manent set under this strain is stated to be -^ to ^ of the length. 
While l>d]eving that a single application of this test does not 
materially injure the cable if good, Mr. Paget deprecates any attempt 
to make the test more severe. 

PHOTOGRAPHY APPLIED TO TOPOGRAPHY. 

Flioto^raphj has recently been applied in France for the purpose of 
topo^ra^y with great success. By taking photographic views of any 
pronunent object from different points, the distance between these 
p(»nt8 being measured, it is found possible to measure distances and 
neights on the photographic views almost as accurately as by triangu- 
lation. By this new process, by means of 29 views taken from 18 
difiefcnt points in less than 60 hours, an accurate plan of the City of 
Grenoble and of its environs, embracing an extent of more than 20 
kilometers 8<]uare (12i miles square) , was executed in 60 days, which 
by triangnlation would have taken months. 
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OK THB KKW 8T8TEM OF CHEIDCAL PHILOSOFHT. 

The following is an abstract of an addrem made by ProU Odling, on 
aasumiiig the chair of the Chemical Seetif jo of the Bntkh AasociatioD, at 
its last meeting, 18G4. ''After the great diversity, or rather antagv 
oni>m, of ojiinion which has existed for the last do»n years or so, I am 
almost bomid to take a somewhat prominent notice of one substantial 
agreement which now previa among English chemists as to the com* 
bining proportions of the elementary bodies, and the molectilar weigfau 
of their most important compounds. The present unanimity of opinioQ 
on the fundamental subject, amons those who have given it their atten- 
tion 1% I conceive, greater then has ever been the case since Daltoa 
published his new system of Chemical Philosophy, more than half a 
centur}' ago. As yet, indeed, the tmonimity of piactioe fidls considerably 
short of the unanimity of belief; but even in this direction great progress 
is being made. As was well observed by Dr. Mfller, at a previous meeting 
of this Association, ' Chemistry is not merely a science ; it is also an art, 
which has introduced its nomenclature and its notation into our manu- 
£ictories, and in some measiure even into our daily life; brace the great 
dif&cultv of effecting a speedy change in chemical usage alike so time- 
honored and intimately ramified.' I propose, with your permission, to 
make a few remarks upon the history of this chemical reformation, more 
especially in connection with certain points which some of its most dis- 
tinguished leaders have scarcely, I think, correctly estimated. From the 
time when Dalton first introduced the expression 'atomic weight,' up to 
the year 1842, when Gerhardt announced his \'iews upon the molecular 
constitution of water, there does not seem to have been any marked dif- 
ference of opinion among chemLtts as to the combining proportions of the 
principal elements. That 1 part by weight of hy^ogen, united with 
86 parts by weight of chlorine to form a single molecule of hydrochloric 
acid, and with 8 parts by weight of oxygen to form a single molecule of 
water, was the notion both of Berzelius and Gmelin, who may lie taken 
as representatives of the two chief continental schools of theoretic che- 
mistzy. There was, indeed, no difference of opinion whatever between 
them as to the combining proportions of the three elements. Using the 
hydrogen scale of numbers, both chemists repref^ented the combining pro- 

gortion of hydrogen as 1, that of chlorine as 36, and that of oxygen as 
. Both, moreover, represented the molecular weight of hydrochloric 
acid as 37, and the molecular weight of water as §. True it is that 
Berzelius nrofesst^ly regarded the single combining proportions of hy- 
drogen ana chlorine as consisting eacYi q£ Vwo '^^j^^ «XA\&&\\NX^8S!fi^ 
tf»* ^WU^m* of hydrogen, for \i»xancfe» '^\jm^ «2kX»\A^^^ SJaa^sofc t«».* 
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billing proportion of hydro^n, were chemically inseparable from one 
another, they were really tantamount to one atom only of hydrogen, and 
as a matter of fact were always employed by Berzelius as representing 
the sinj^le chemical atom of hydrogen, or its smallest actual combining 
proportion. Distinguishing thus between the physic il atom and the com- 
bining proportion, Berzelius's recognition of the truth that equal volumes 
of the elementary gases contain an equal number of atoms was utterly 
barren. But, identifying the physical atom with the combining propor- 
tion, Gerhardt's recognition, or rather establishment, of the broader truth 
that equal volumes of all gases, elementary and compound, containing the 
same number of atoms, has been in the highest degree prolific. From 
Gerhardt's division of volatile bodies into a majority whose recognized 
molecules corresponded respectively with four volumes of vapor, and 
a minority, whose recognized molecules corresponded respectively with 
but two volumes, and from his proposal, in conjunction with Laurent, to 
double the molecular weights of these last, so as to make the molecules 
of all volatile bodies, simple and compound, correspond each with four 
volumes of vapor, must, I conceive, be traced the development by himself 
and others of the mature views of chemical philosophy which now 
prevail. With every respect for other authorities, I cannot join with 
them ID regarding the indication of Gerhardt's system as an imperfect 
return, and its remarkable maturation in these recent days as a more 
complete return, to the notions of Berzelius. It is true that the ele- 
mentary weights now employed, with the exception of those for some 
half-dozen metals, are identic^ with the atomic weights of Berzelius ; but 
80 di£ferent are they from his combining weights, that fully ^ of all known 
compounds have to be expressed by formulae entirely different from his, — 
namely, all those bodies, with but a very few exceptions, into which 
hydrogen, fluorine, chlorine, bromine, iodine, nitrogen, phosphorus, ar- 
senic, boron, and the metals lithium, sodium, potassium, silver, and gold, 
enter as constituents. Fully admitting that the new system of atomic 
weights, as it now exists, is the joint product of many minds, — ^fully ad- 
mitting that it owes its present general acceptance chiefly to the intro- 
duction of the water type by Williamson during Gerhardt's lifetime, and 
the recognition of diatomic metals by Wurtz, and Cannizzaro, after his 
decease, — and fidly admitting, moreover, that some of Gerhardt's steps in 
the development of his unitary system were decidedly, though perhaps 
excusably, retrograde, — ^I yet look upon him as being the great founder of 
that modem chemical philosophy, on the general spread of which I have 
already ventured to congratulate the members of the Section. Prior to 
the time of Gerhardt's, the selection of molecuUr weights for different 
bodies, elementary or comi)ound, had been almost a matter of hazard. 
Relying conjointly upon physical and chemical phenomena, he first es- 
tablished definite principles of selection, by pointing out the considerations 
upon wbich the determination of atomic weights must logically depend. 
Kelying upon these principles he established nis classification oi the non- 
nletallic elements into monhydrides, represented by chlorine,— dihy- 
drides, represented by oxygen,—- terhjdrides, reptresented by nitrogen, 
&c.; and relying upon the same principles, but with a ^eatly increased 
knowledge of phenomena, later chemists have given to his method a de« 
velopment and unity, more especially as regards the metallic elements, 
whjoi have secured tor the new system the impiegnaVi^e «xi<\^j^^^V^^^ 
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position which it at pre<ient occupies. The comparative unanimity which 
prevailed befire the time of Gerhardt's was the unanimity of submissian 
to autaority ; but the greater unanimity which now prevails is the unan- 
iiiiity of conviction, consequent uix)n an intermediate period of solitiry 
insurrection by general disturbance and ultimate triumph. Bearing in 
mind how much the origin of the new system by Gerhardt, and its com- 
nletion by his coUeigues and disciples, owe to a correct appreciation of the 
narmony subsisting between chemical and ph}*sical relations, we cannot but 
give a hearty welcome to any large exposition of mixed chemico-physical 
phenomena ; and whether or not we agree with all his conclusions, there 
cin be but one opinion as to the obligation chemists are under to Pn£ 
Kopp, of Giessen, fir the great addition he has recently made to our 
knowledge and mejms of obtaining a further knowledge of what has 
hitherto been but a ver}' limited subject, namely, specific heat. The 
agreement of chemists as to the elemental atomic weights is tantamount 
to an agreement among them as to the relative quantities of the different 
kinds of matter which shall be represented by the different elemental 
symbols ; and this brings me to the subject of chemical notation. At one 
time many chemists even of considerable eminence believed and taught 
that Gerliardt's reformation had reference mainly to notation, and not to 
the association and interpretation of phenomena, and it became rather a fiish^ 
ion among them to declaim agdinst the puerilities of notational questions. 
That the idea is of far greater importance than the mode of expressing it, k 
an obvious truism ; Init nevertheless the mode of expression has an impor- 
tance of its own, as facilitating the spread of the idea, and more especially 
its development and procreation. It has been well asked, in what posi- 
tion woukl the science of arithmetic have been but for the substitution of 
Arabic for Koman numerals, the notation in which value is expressed by 
the change in position for that in which it is expressed mmnly by the 
repetition of a few simple signs? It is unfortunately too true that chemical 
11 )tatiou is at present in any thing but a satisfoctory state. The muchr 
used sign of addition is, I conceive, about the last which would be deliber- 
ately selected to represent the fine idea of chemical combination, which 
seems allied rather, I should say to an interpenetration than to a coarse 
apposition of atoms. The plicing of symbols in contiguity, or simply 
introducing a point between them, as indicative of a sort of multiplication 
or involution of the one atom into the other, is, I think, far preferable; 
bat here, as pointed out by Sir John Ilerschel, we violate the ordinary 
algebraic understanding, which assigns very different numerical value to 
the exi)ressions x y and sc X 2/ respectively. I know, indeed, that one 
among us has been Engaged for some years past in conceiving and 
working out a new and strictly philosophical system of chemical notation, 
by means of actual formulsB, instead of mere symbols ; and I am sure 
that I only express the general wish of the Section, when I ask Sir Ben- 
jamin Brodie not to postpone the publication of his views for a longer 
time than is absolutely necessary for their sufficient elaboration. In any 
case, however, the symbolic notation at present employed, with more or 
less moditic.ition of detail, must continue to have its peculiar uses us an 
instrument of interpretation, and it becomes therefore of importance to 
us to render it more precise in meaning and consistent in its application. 
Many of its incongruities beloncr to the very lowest order of conventioi ; 
Buch, for example, as the cusloiw ot OL\s\\v\w\\\&\m^ >Q^\w^^\i\iaft'tK^\wwsoB- 
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tation of so-called mineral and organic compounds, one particular se- 
quence of symbols being habitually employed in representmg the com- 
pounds of carbon, and an entirely different sequence of symbols in 
representing the more or less analogous campounds of all other elements. 
Now that organic and mineral chemistry are properly regarded as forming 
.one continuous whole, — a conclusion to which Colbe's researches on 
Bul])hureted organic bodies have largely contributed, — ^it is high time 
that 6uch relics of the ancient superstition, that organic and mineral 
chemistry were essentially different from one another, should be done 
away with. Although during the past year the direct advance of tha;t 
crucial organic chemistr}', the s\ nthesis of natural organic bodies, has not 
been striking; yet, on the other hand, its indire( t advance has, I submit, 
been very considerable. Several of the artificially produced organic 
com|K>unds at first thought to be identical with those of natural origin, 
have proved to be, as it is well known, not identical, but only isomeric 
therewith. Hence, reculer pour mieux sauter^ chemists have been 
stepping back a little to examine more intimately the construction both 
of natural organic bodies and of their artificial isomers. The synthetic 
power having been allowed of putting the works together in almost any 
desired way, it is yet necessary, in order to construct some particular bi- 
ological product, to first learn the way in which its constituent bricks 
h:ve been naturally put together. We accordin&^Iy find that the study of 
isomerism, or what comes to t^e same thing, the study of the intimate 
construction of bodies, is assuming an ininortance never before accorded 
to it. Isomerism is, in ^t, the chemical problem of the day; and con- 
currently with its rapidly advancing solution, through the varied en- 
deavors of many workers, will be the advance in rational organic syn- 
thesis. It is curious to note the oscillation of opinion in reference to this 
subject. Twenty years ago, the molecular constitution of bodies was per* 
ceived by a special instinct, simultaneously with or even prior to the estab- 
lishment of their molecular weights. Then came an interval of scepticism, 
when the intimate constitution of bodies was maintained to be not only 
unkn )wn, but unknowable. Now, we have a period of temperate reac- 
tion, not recognizing the descried knowledge as unallowable, but only as 
difficult of allowment. And in this, as in many other instances, we find 
evidence ci the healthier state of mind in which now more perhaps than 
ever the first principles of chemical philosophy are explored. Specula- 
tion, indeed, is not less rife, and scarcely less esteemed than formerly, but 
it is now seldom or never mistaken for ascertained truth. Scepticism 
indeed still prevails; not, however, the barren scepticism of contentment, 
but the fertile scepticism which aspires to greater and greater certainty 
of knowledge. Chemical science is advancing, I believe, not only more 
rapidly, but upon a surer basis than heretofore; and while, with every 
advance, the prospect widens before our eves, so that we become almost 
alarmed at contemplating what those wfio come after us will have to 
learn, we console ourselves with the determination that their labor of 

1^ unlearning shall be as little as possible — far less, we hope, than what 

- we in our time have had to experience. 

' THE NEW METALS. 

The new metal Indium found in the zinc-blend of Fryberg, by means 
of the spectroscope, ia distinguished by having 8iB^ecXxvxai<:QiA\^>ua^!^^'l 







baa only liocD obt:iiae(l Id very minute qu3DCity from the Fiyi 
blende, consequently its properties and compounaa Uave not been ' 
CBivrully pxaminvi). It appears closclj' to resemble line, widi « 
it lias uilhcrto always been found in c'ombiiuition. It is, koweve 
Bofter rautol, nmrking paper like lead ; it is readily soluble in 
ehloriu acid, and, heated in the open air, it oxydizes frcclj', y 
n wbiKi Dxyd easily rcdudhio before the deoxydiziajg fUme a 
blow-pipe. The bydratcd osvd is ^rcci^utated from its talts hr 
ash and anunoiiia, but is insoluble in excess of eitlior of tbei 
agents ; hence it b easily distinguished from both zi 

The oxyd moy be separated from oxyd of iron, with which i' . 

MX'ialedin tlie line blende by precipitating th? latter with bicarUuisU I 
orsoda. The preeipitatcd sulphide is insoluble in alkalies. 

Catium aitd HuLidiam have recently been found to be exten- 
sively distributed, and to exist in many oitieles of Luman consomptioa, 
such as txsct-root, su^, t«a, and coQue. Thallium has been found IB 
many minerals in which its presence was hitherto unsuspected, and la 
occur also in very appreciable quantity ia uiulasses, the yeast of wine, 
diieury, and even in tobacco. 

A new and comparatively abundant source of these tliree rare metAl.'. 
nesium, rubidium, and thallium, has becu discovered; the water of g> 
spring near Frankfort, Germany, leaves on evaporation a saline residue 
which contains the three mctnis in amreciablo quantity. Kubidium u 
a vciy light metal ; with a white color like silver, with a yellowish shada. 
In contact with air it covers itself immediately with a bluish gray coit' 
ing of suboxyd, is inflamed (even when in large lumps) after x few 
seconds, lanch quicker than potassium. At a temperature of 14° Fahr. 
'" is alill as soft as wax; it becomes liquid at 11)1-3° Fahr., and i " "" 



beat it is transformed into a greenish-blue vapor. The specific gravity 
of rubidium is about l'&2. It is much more electro-positive than po- 
tassium ; and when thrown upon water, burns and snows a Ihuae uke 



I of its 
'in^tl^ 



I 



tliat metoL 

Ccesium and Tdhirium. — The metal cafiicm has hitherto been oV 
bunedot^ in very small quantities. To get only seven groins of it 
chloride Bunscn was obliged to evaiioratc forty tons of water ; and onl< 
0'3 per cent, of it are contained m the Lepidolite of Hebron ir •'' 
United States. But it has recently been found that the mineral 
lux, which is very abundant in tlie island of Elba, contains 
cent of this metal, which had been previously mistaken for 

sium. Ttlliirium also, hitherto one of the rarest of BubstAnccs, 

found in considerable quantity associated with bismuth, about 15,000 
feCt above the level of tlie sea, m one of iho loHiest peaks of the An- 
des. The reduction of chloride of alumitium by means of xine 

was patented in 1864, but the principle was not suecessfidlv carried 
out until recently. The vapor of linc Is found to reduce cobalt, nickel, 
and manganese with great facility. 

Ute and disfribuficm of Lithium. — Lithia, the osrd of the metal 
litliium, since the discovery of its wide distribution by the process of 
gpeftnl onoJysis, has been introduced to & cjan«vden.blo extent '~™ 
mtdiciue, in the form ot ft cajftxmsAc, ea an Mi'u-aKiiBjai— •^^ 
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lemedf . As a carbonate, it is a colorless white powder, sometimes 
in small crystals, soluble in 100 parts of cold water, insoluble in alco- 
hol. It is YCty much like carbonate of soda in most of its properties, 
but is a much stronger alkali than either this or the corresponding 
potash salt. A mineral, termed Lepidolite, found in abundance at He- 
bron j Maine, has been recently shown by Mr. O. C. Allen, of the 
Sheffield Scientific School, New Haven, to be so rich in lithia as to jus- 
tify its prospectiire use as a source of the carbonate for use in medicme. 

Observaiiona on the Metal Magnesium, — ^The spectrum of burning 
magnesium has been found to be particularly rich in chemical rays, 
and has consequently been used with success as a photo^aphic light. 
Prof. Boscoe m a recent lecture before the Royal Institution stated 
tiiat if the surface of burning magnesium has an apparent magnitude 
equal to that of the sun seen from a certain point, the chemical action 
effected by the magnesium on that point is equal to that produced by 
the sun when at an elevation of 9° 53'. And that at a zenith distance 
of 67° 22^, the visible brightness of the sun^s rays is 524*7 times that 
of burning magnesium, whilst its chemical brightness is only 36*6 
times as great as that of the burning metal : hence the great use of 
the latter in photography. A thin magnesium wire produces in burn- 
ing as much light as 74 stearine caudles, and to continue this light 
for ten hours, 72 grammes — about two ounces and a half— of mag- 
nesium must be burnt, corresponding in effect to 20 pounds of stear- 
ine candles. 

Economical Production of Aluminum, — M. Corbelli has discovered 
a new method for obtaining this metal at a very small cost. His plan is 
as follows :— 

He takes a certain quantity of pure clay, say 100 grammes, and 
dissolves it in six times its weight of concentrated sulphuric, nitric, or 
hydrochloric acid. The solution is then allowed to stand ; and after- 
wards decanted. The residue is first dried and then heated to 450° 
or 600° Centigrade ; after which it is mixed with 200 grammes of 
prussiate of potash, which may be increased or diminished accord- 
m^ to the quantity of silica contained in the clay. To this mix- 
ture 150 grammes of common salt are added; the whole is then put 
into a crucible and heated until the mixture becomes white; when 
cool, a button of pure aluminum is found at the bottom of the crucible. 

Thallium, — At a recent meeting of the Royal Institution, Mr. 
Crookes, the discoverer of Thallium, exhibited an ingot of this ele- 
ment weighing 24 pounds. Recent chemical researches seem to indi- 
cate that ThaUium ought to be included with the alkaline metals in its 
chemical classification. 

ORIGIN OF GRAPHITE. 

Iron, after remaining long buried in the earth, at last entirely 
decomposes, leaving a black, porous, eminently combustible residuum, 
known as graphite or pure carbon. M. Haidin^r^s report on the 
ferruginous masses of Kokitzan and Gotta, near Dresden, masses of 
uncertain origin, lends support to this general fact. One word on the 
formation, still so little known, of graphite (plumbago, pencil lead). 
The presence of graphite in granite, gneiss, and diorite, has renewedl 
the disputes between the l^ptunisti and PVotoioaato. Qccv^^uiu^Sa 
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weU known to be nearly pure carbon, for it leaves in burning bat t 
very small quantity of sum, Sow, if these primitive crystalline rocki 
are of igneouii funnation, it is impossible to explain how ^aplute 
could coexist with silicates of protoxvil of iron without having re- 
duced these salts ; jud^ng merely by wliat takes place in bla^t fumaGCS, 
s'nce carbon reduces all oxycs of iron at a high temperature. It must 
then be admitted that granite, gneiss, and diorite, did not contain 
graphite when the mineral elements of these rocks, such as micay 
hornblende, and other fen-Dus silicates were in a state of fusion. . 
Graphite, then, must have been subsequently introduced into these 
rocks, — but when, and how ? Questions such as these arc very diffi- 
cult to answer satisfactorily. The most plausible h\'pothcsis is that 
graphite lias been introduced by the wet way into tlie crystalline rocks 
and substituted for one of the mineral components. Thus, in the 
gneiss of Passau (Bavaria), it takes the place of mica. 

(jrraphite is frc(^ucntly to be met with in granulated limestone,—! 
fact particuhirly intert*ating to geologists. & limestone a product of 
eruption, or is it a sediment transformed by the action of heat? The 
presence of graphite is explicable by neither h}'pothe8is. For at a 
certain temperature, which need not be ver^' high, carbon decom- 
poses carbonate of lime. This salt may no doubt, under strong 
pressure, l>e heated to the melting point without losing its carbonic 
acid ; tliis is a laboratory experiment often cited by the Plutonists. 
But it is quite a different thing with a mixture of carbon and carbon- 
ate of lime at a high temi>erature. If we reject the Keptunian origin 
of granuLited limestone, we must then, as with cr^'stalline rocks, sup- 
pose that grapliite has been introduced by the wet way at a more 
recent period. The same remark applies to magnetic p\Tites (sul- 
phide of iron), often very rich in plumbago kerns. 

Does graphite, like alf carbon, belong to the organic kingdom? It 
is certain that anthracite, lignite, and coal, arc the result of the slow 
de('om{K)sition of an enormous qiiantity of vegetables ; the impressions 
found un them oflen indicate tnc kiml of vegetables, most of them 
extinct, wliich have contributed to these carbonaceous formations. 
Graphite, if not formed in precisely the same way as coal and 
antliracite, nevertheless bears signs of an organic origin. Tlie forma- 
tion of nuclei and veins of grapliite in (rr}'stalline rocks is sufEcientlv 
explained by the decomi)ositioii of carbonized hydn)gen gas at a hign 
t(nii|KTature ; tliis gas, disengaged from organic matters, and penetrat- 
ing the fissures of the burning rock, would undergo decomposition 
into hydrogiMi and carbon. 

It is this deposited carbon which forms graphite. If in our labo- 
ratories we do not obtain exactly the same product, it must be 
riMneinbered that Nature lias means at her command which escape our 
researclies. We find it impossible to make coal from wood. The 
wood may be carbonized by the drj' or bv the wet way. In the first 
place the carbonization is very rapid ; in the latter it is extremely 
slow, as is shown by the blackened points of piling sunk in water. 

Finally, graphite has been found in meteorites or aerolites. At- 
tenints have been made to expLiin lU presence \wm by the continuance 
of these stones in soil more or \eaa T*<ii vvi c^v\>ciw\i<id^riiici^les. But 
with regard to newly-CiUou tttouca, vVila ^^it^XsMjaw^iLQiia^ 
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IF it be maintained that graphite is an organic product, it must be 
admitted that in the case of newly-fallen meteorites it can proceed 
only from organic matters belonging to another world than our own. 

in his report on Alibert ^aphite, M. Dumas presents some consid- 
erations on the probable origm of graphite and of the diamond. M. 
Despretz and others ascribe to fire the change of carbon into diamond ; 
IT^ewton ascribed it to the coagulation of a fatty or oily body ; Liebig 
■ays the dianvond is slowly formed by processes which determine the 
prolonged putrefaction of a liquid body rich in carbon and in water ; 
then, contrary to M. Despretz's method a high temperature would be 
unfaTorable to a successful attempt. Adopting Newton's hypothesis, 
M. Grosppert states, in ** a memoir on the solid bodies entering into 
the composition of the diamond, and considered with regard to their 
organic or inorganic origin," that he is disposed to class the diamond 
among the products of the decomposition of organic matters. All 
these hypotheses M. Dumas rejects ; according to him the diamond 
is crystallized carbon, at the moment of its production and in the 
midst of a mass which has been exposed merely to the heat necessary 
to soften it, provided this condition is sufficiently prolonged. 

Finally, M. Dumas frankly admits that nothing positive is known 
as to the true origin of the diamond, though the substance most 
allied to it, silicum, is perfectly known, and very beautiful specimens 
of it are obtained. 

However, it is positively ascertained that the diamond and graphite 
have not the same origin, and that the residue of every carboniferous 
substance, treated at a high temperature, proves to be but a variety of 
graphite. The new carbon found by M. Alibert in the mines of 
Marinski, situated at the summit of featougol, on the Siberian fron- 
tiers, is then a graphitoid carbon of the most beautiful kind, formed 
by volcanic phenomena. M. Jaquelain, after carefully comparing the 
external characteristics of Alibert graphite with that obtained by his 
process, concludes that the conditions under which they are produced 
must be analogous. 

In fact, on comparing the texture of the two carbons, they will be 
found sometimes of a metallic, mirror-like lustre ; at another time the 
surface will be of shining steel-gray, mammillatcd as if it had been 
half fused, and had passed through a pasty stage. This appearance is 
similar to that of oxyd of iron, nodulous, brilliant, with mammillatcd 
surface, known bv the name of brown hematite. M. Jaquelain is in- 
clined to admit that tarry and pyrogenated products, transformed in 
immense proportions into carbon and hydrogen, under the influence 
of igneous rocks, become accumulated in rents and excavations, 
causmg an aggregation of carbon, and inducing a fusion analogous to 
that of carbon in retorts for lighting gas and of graphitoid carbon 
destined to form the pencils uned for the electric light. 

On this point, M, Jaquela/ a. narrates one of his own recent exper- 
iments. On decomposing some sulphide of carbon in a porcelain 
tube in presence of pure copper, heated to about 3,008, sulphite of 
copper and graphite were formed, externally similar to natural graph- 
ite. — Lond. Chem. News, from Cosmos, 



I 




It baa been often suggested that in deCiuiIt of a " Cvt> 
elei-tricitf might poasibli' be brought to bear upon a ci 
■olution, BO as to cause tlic (carbon to bo deposited pure i 
line form. Starting from this poiot ; a rok-i'tit writer in tlio Om 
Univergiti/ Magatine, makes the foUonin^ luggestiuna. "] 
whcu fuacd by the heat in tite open air. leaves a residue of j 
bon. Its attraction for solar light a bo great that, all«r i 
it is sure to give U off when placed id a dark ruom. I 
Tofrangibility ahowB it to have for ita base an oily substance. 
bad conductor of chictricity, like ail Buuh Bubstaaeo. Siip; 
take a portion of pure carbon (which b a poweiful conductor of ( 
tricity), produciid by bumiug to sooty residue a quantity of v 
ble oil. Bay oil of origanum, which is the inost mflamniablo j 
place it in a close ur^L^ht vessel C0Dstruct«d so as to admit a i 
ing supply of ojtygen (which is a powerful coniluelor of elec 
then bnnff to bear on this intensely oxvgcnixcd piece of i 
strong and conetant electric current. While the Litter produce* 1 
atilUatioQ and intense molecular aggregations, it is very possible t 
^le union of oxygen with the carbon, nnder such conditions, would 
result in the reuonstruction of diamond substance, which would take 
a crystallized form under the influence of the current ; while tlw oxy- 
gen woulil ivstoro to the diamond base the quality which it haJ lofit. 
The instrument should be exposed constantly in the light of tlic wiii, 
which exercises such inlluence on crystalliiatioD ; aud as the lianlcr 
the crystals thu longer the time it takes to form, the proves oi thu 
Bxpenment would of necessity be extended over several or many 

FERXEABILITIT OF IRON. 

[n the Annuat of Scientific Diaeovery for 1864 (page 197), some 
nuious facts sliowing tJio porosity of platinum to hydrogen, — 
the results of expenmeuia by M, Deville of Paris — were given. 



iron. The < 



author, in a paper 
the discovery of a similar propt-rtv i 
proviuc IhiB, is detailed by liim as fuUitw 



The great dimculty was to find a tube answering to tlie ^ 
ditions required for the experiment. The best iron to be found in IIh- 
markets might still be open to some objection, since in point of (ii't 
it is a mere sponge flattened bv a hammer, like common platinum- 
They succeeded at length in obtainiiig a tube of cast steel, contain- 
ing so little carbon that it did not admit of beinj^ tcmpcre<l. [t was 
in reality ratbur iron than steel, and so soft that it was drawn into a 
tube without heating or soldering, though its sides were of a tliick- 
nesa of from three to four millimeters. To the ends of this tulie, two 
other tubci of a much smaller diameter, and of copper, were soldered 
with silver; the whole was then introduced into an open porcelain 
tnbe, which was put into a furnace ; a glass tube, lut«o to one end. 
ibUahed a communication with an apparatus generating hyitrogen 
■plctolr deprived of alraosphenc iut; itWVa aJ. iJ\ft othct end, 
r^kss tube, beutalr\g\rt tui^s.ii^^ciw 
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Its Tcrtical branch bcinj* 80 centimeters long. For the space of eiglit 
or ten hours, a current cf hydrogen was driven through the apparatus, 
which was maintained at a hi[^h temperature, so as to exhaust the ac- 
tion of the hydrogen on the sides of the iron tube, and to drive away 
all the atmospheric ur, as well as the moisture contained in the tube, 
or likely to be produced there. This done, the communication 
between the iron tube and the hydrogen apparatus was cut off by 
mcltine down the glass tube by the aid of thu bluwpi|>e. No sooner 
was this effected, tmin the mercurj', no longer kept down by the stream 
of hydrogen, yielded to the pressure of the air, and rose in the verti- 
cal ^lass tube to the height of 740 milliineters, or very nearly the 
usiuu barometrical hight. Tliis would not have haj)pcii(Hl, had there 
not been a nearly complete vacuum in the tul)e the instant the supply 
of hydrogen was cut off. But what had become of the hydro^^en 
supplied before ? There is but one explanation possible, viz : that, 
notwithstanding the pressure of the atmosphere, the Iiydrogen had 
passed through the pores of the steel tube. 

Additional Facts, — M. Cailletet lias detailed to the French Acad- 
emy some very curious additional facts bearing on the experiments 
of il, Devillc. He says : " I passed portions of a gun-barrel through 
rollers till they were flattened. The ends were then welded. Thiis, 
rectangular pieces of iron were obtamed, formed of two plates in con- 
tact, and sealed at their extremities. On strongly heating one of 
these pieces in a furnace, the non-welded portions separated, and 
resumed the cylindrical form and their original volume. It could not, 
therefore, be doubted that the gases of the furnace had penetrated the 
mass of iron and distended its walls.^^ To a similar aci,ion, M. Caille- 
tet ascribes the cavities in large masses of forged iron ; and he states, 
that in the process of cementation, acier poiile or steel with vesicles, 
is constantly produced ; but if soft, perfectly homogeneoua- iron, such 
as can be obtained by keeping merited steel for several hours at a 
high temperature, l)e employed, it is reconstructe<l into steel without 
blisters. M. Deville remarks upon this communication, that it is 
•• very interesting and conchisive, and he adverts to the discharge of 
gas from molten matter, often obs(»rved in metallurgical operations. 
These gases, he considers, penetrate the walls of the crucibles by 
endosmose, and give rise to bubbles in tlie metals.^' 

Action of Porcelain and Lavas at hiqh temperatures on Oases. Pos- 
tible 9dion of the Moon, — ^I. Deville, in com'iienting further upon the 
above facts, stated that his brother and M. Troost liave shown that if 
hydrogen traverses without dilHeulty the walls of a porcelain tube at 
alii«;h teinperature, it does not do so when the tube begins to soften or 
vitnfv. The gas is then absorbed bv the vitrified surfice, from whence 
it escapes, leaving it porous. He connects thes(j fa<^ts with the ap- 
pearance of certain lavas. He says the lavas of Vesuvius, whatever 
tlio rate of their cooling, are alwavs crystalline, and that they disengaj^e 
aqueous vapor, chlorides, sulphides, etc., as the crytallization proceed, 
just as oxyg«?n escapes from silv(^r that taki-s the rocky fonu, or air 
escapes from freezing water. The crystallization of lavas he states to 
be accompaui«Ml by incn^ise of density and evolution of heat. Ho 
tnurtis a rvsemhhncc b(ft Teen the Canipi l*\\\ei;rv\i\ «lwA. VW ^wc^-ijift v^l 
\Iie mo( % and vonsidQv^ that the latter may Vuvvi VXvkWvi \C«j!i vs:rasjsr 
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tire matter with excess of silica, wluch has a tcndencj to consolidaU 
in a vitreous form, and imprisons gaseous matter in its aolidificatioo. 

ON THE CHEAP PRODUCTION OF OXYGEN GAS. 

In a recently publishe<l report of Dr. Hoffinann, of London, on the 
" Chemical processes and products'" of the Great Exhibition of 1862, 
be notices tne production and application of oxygen gas in the aiti 
as follows : — 

" Of the various processes by which oxygen gas can be produced, 
I think we may say that two only are now used, viz : chlorate of potash 
with and without manganese, and manganese alone: the latter is 
s<*lertcd only for cheapness when a considerable quantity of the gas is 
rc*ciuired ; chlorate of pota^th, with manganese for facility of operation ; 
and chlorate of potash alone when punty is the principal object to be 
attained. More recently other processes have been recommended, 
one of which, by heating together a mixture of nitrate of soda and 
oxide of zinc, has been patented ; from this mixture oxygen is said 
to be produced at a cheaper rate than by an^ other method at present 
known. Unfortunately for the value of this discovery, the produce 
is contaminated with a considerable percentage of nitrogen. Mr. 
Kuhlman, of Lille, discovered and published an in^nious and bcantifol 
process for the production of oxygen by means of baryta. He found 
that by passing a current of common air through caustic baryta, heated 
to dull redness, pcroxyd of barium was formed, which, on an increase 
of temperature, is resolved into oxygen gas and caustic baryta, the 
latter ready again to perform its part in a similar operation. The idea 
naturally suggested itself that the means were now at hand for gettioj^ 
oxygen from the atmosphere in any quantity at a small cost. This 
method, although so promising, has been for the present abandoned. 
It was found that aiter a few operations, either from a molecular 
change or from the silica or other impurities, a sort of glass or fu- 
sion resulted on the surface, the baryta ceased to absorb oxygen, 
and the operation ceased." 

Should this difliculty be overcome, and the process be made avail- 
able for supplying oxygen at a cheap rate for manufacturing pur- 
poses, a great impulse will be given to what is termed furnace 
chemistry, and our power over the more refractory provinces of the 
mineral kingdom be proportionately increased. 

As this change in the condition of the baryta in Kuhlman^s proems, is 
in the opinion of Prof. Hoffmann, physical rather than chemical, it is 
not unlikely that means to remedy the evil may soon be suggested. 

*' A cheap process for the preparation of caustic baryta, and its 
derivative the pcroxyd of barium, would probably lead to the ex- 
tensive manufacture of pcroxyd of hydrogen, — a compound whose 
powerful bleaching and oxydizmg properties woidd render it an inval- 
uable adjunct in many manufactunng processes." The Report goes 
on to suggest many other applications where success may be ex- 
pected, and adds : '* Nothing, it has been well said, seems so difficult 
as the invention of to-morrow, nor so easy as the i iventiou of yester- 
day." 
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OZONE AND THE ATUOSPHEBE. 



An iinportant contribution to our knowledj^ of oione, and its relalioiM 



{ft the atmonnhere nnd to electrical jihenomena, ha^ recently b 

**- 1. Metsaner of Gotlinijen. From an abstract of iheae researchea, 
in'» Journal, (May and July numbers, 1864,) by Prof. 
''. Johnion, and to which we would refer our readers, we derive the 
i\as( curious information respecting the formation of clouija and miMs. 
Lwner'a researahet confirm the theorj' of the venieular nature of mist 
He bail oIm) dltcoTered, by experiment, that while it a easy to eondunae 
mninture from any moist gas or f;BBeous mixture by cold or rarelactioii, 
it it impotsibU to produce a mitt unless the gaa u oxygen, or contain* 
this ftemmt. The water condensed by artificial means from pmv oxygen 
<ir from the atmoopheric air always exhibits tbe character of a doudi 
'lit, separated from other gases or mixtures free of oitygen, always as- 
'lioes tlireotly the form of rain. Where oxy^n is present, the water 
I iri'leoses in vaicles; in other cases, in lolid drops. Meissner ataten, 
^iriber, tbal air saturaled with moisture gives a cloud on sudden mre- 
; Lciicui until the pressure is reduced to about eight inches of barometric 
; re.-^sure. At tliis levity the cloud is, however, extremely delicate and 
:j jnsitor)', and under a less pressure no cloud could be produced. This 
':ijiid of the barometer corresponds to a bisht in the atmosphere, above 
tide-level, of 27,000 feet. Accordmg to Khmtz, tbe light«st and higliest 
clouds, eirrhi, are formed at an average altitude of 20,000,and a greatest al- 
titude of :2'1,000 feeL The densest arlilicini cloud is formed in the densest 
air, and the heaviest cumuii are fonued within 3,000 feet from the sea-leveL 

TBE INFLUEMCE OF OZONE ON VEGETATION. 

The influence of ozone on vegetation has been studied by Mr. Corey 
Lea. of Philadeljihin, and the results reported in tbe American Journal 
f,f Seienee. Two seta of experiments were made. In the first, the 
wster with which the aeedi came in contact was made to contain those 
solid substances which are most essential to vegetation. In the second, 
very pure river water was used. For the first, phwphate of soda, silicate of 
potash, sulphate of msgnesia, nitrate of lime, and sewjuichloride of iron 
were added lo water in a proportion such as to be equivalent to j*,- nl 
one per cent of solid matter. In order to afibrd nju.4t term of compar- 
iaon, two vessels every way similar were filled with this prepared water. 
were covered with gauze, so that the gauxe should rest on the surfiice of 
the WBter, and were placed under bell-glasses resting on glass platen 
Wheat and maise groins were placed on this gauze, and beneath one bell- 
glasx was introduced the ozone generating mixture. On the 12tb day 
toe experiment was terminated. The average hight of the wheat plants 
n-it exposed to the ozone was 10 inches, of those exposed 4 inches. 
The effect of ozone in checking the growth of the roots was very re- 
nisrkable, especially with the wheal ^Janta. In those not exposed to 
ozone ^e roots attained a length cqiuil to about f of tbe higbt of the 
stem. In tho^ie exposed to it the roots, after starting, almost imme- 
dijtelyceosed togrow. The strongest plant attained a hightofS inches, 
and developed 6 rootlets, averaging only ^^ of ai ' ' ' ' 
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a whole, the root a produced by the plants under the influence of nc3M 
did not exceed -^ of tho^e produced in itA absence, from an equj 
miinl)cr of iiealthy scedi. One curioui re.«ult of the almmt tof il ahwiiee 
of rofjts was that tlie wlieat plants wereM»rcely able to snstain themhclvn 
in a vertical position ; th? frreater part of them fell over on one fide. 
The flatness of the gnins of the maize afibrded these plants a better tap- 
port. The pre^nce of ozone also prevented the usual formation of mold 
on seeds placed in contact with air and water under a liell-glan. 

The ozone used in the experiments was generated by the action of 
sulphuric add upon chameleon mineral. Two or three grains of chame- 
leon mineral were placed in a small capsule and moistened with oil nf 
vitriol. This when placed by itself, or with a vessel of water under 
a bell-glass of alwut three litres capacity, was found to maintain a highly 
ozonized atmosphere for five or nx di\'s or even longer. But as the 
presence of vegetation would tend to destroy the ozone rapidly, it was 
considered exfiedient to renew the generating mixture ever}' two or three 
davs. 

Kastcur has lately shown that the putrefaction and oxydation of 
organic* bodies is oflccted to a very large extent by the intervention 
of the lowest onler of vegetable organisms. That in some casee 
where the germs of these bodies have been carefully excluded, milk 
for example has been kept in the presence of atmospheric air for a 
year without alteration ; and that when sawdust was enclosed in a flask 
for a month, the gonns liaving Ix^on similarly excluded, the air still 
contained IG per cent of uncombincd oxygen. It therefore appears 
that ozone, while a liiprbly oxydizing a^cnt, miy in some cases check 
piitri'iac'tion and oxydation by destroying the mtennodiate a^*n'jies, 
through which these operatioiLS are edfectcd ; a fact not withrmt inte^ 
est in connection with the alleged inlluencc of ozone on epitlemics. 

Carbonic Acid. — ICxperinients were also made to ascertain the eflect 
of a cuinpU'te nunoval of carbonic acid from the atmosphere surround- 
ing plants. The seeds were placed on gauze strained over a vesuel 
of water, which was set in a <bsh containing concentrated solution of 
cauritio soda, and the whole was covered with a bell-glass. A similar 
arrangement was maile, exclusive of the caustic alkali, to afford a 
term of comparison. Xo appreciable dilTerence could be obscn'ed. 
It is probablii that seedlings, within the higlit which thev can attain 
under an ordinan- bell-glass, still derive a sufficient supply of carbon 
from the seed, be this as it may, the removal of car1>onic acid from 
the atmosphere surrounding tlicn'i did not interfere with their growth. 
Kx]>erimL'nts made with seeds placed in an atmosphere of carbonic 
acid an.-orded with results obtained by other observers, as to total 
prevention of germination under circumstances otherwise favorable, 
riie seeds, however, were found to be not in any way injured, and 
germinated fn'cly on exposure to the atmosphere. 

It seems probable that in those cases in which gennination has been 
observed to take place in an atmosi)liore of carl>onic acid gas, the ex- 
clusion of atmospheric air has not been sulficieiitly well maintained. 

TEST8 FOR OZONE. 

Dr. Allnatt savs : *• Icouclode iVkal V>\W\ov\% ^^^v^-x, %^\xnlQd with 
ion o/*iodiile of potassium auvi aXax^:^ ot ^w ^ttv^^tv^v^n.^ ^vs^ 
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the most effective tests we possess. The formula of its preparation 
II as follows : Take of pure white starch 1 ounce, iodide of i>otassiuni 
S drachms ; mix in a marble mortar, and add gradually 6 ounces of 
boiling water. The papers to be saturated with the mixture while 
liot, carefully dried out of contact with the external air, and preserved 
in close tin boxes. ^ Mr. Lowe remarks : ** Assuming that we have 
adopted the best tests and the most approved method of uding those 
tests, it wiU be requisite to correct the readings for the velocity of 
air at the time, for the bight of the barometer, for temperature, and 
for the hygrometrical condition of the atmosphere. It must be borne 
in mind that if in a given time 1,000 cuftic feet of air passing throu«^h 
the ozone-box gives a register of four, 2,000 feet passing through in the 
same time will give one of double that amount. Moisture can also in- 
crease or diminish the action, a very dry air or a perfectly saturated at- 
mosphere showing a minimum. The lower the barometer descends, the 
more ozone is shown upon the tests. In very hot or very cold weath- 
er ozone is also at a minimum. With a west tliere is much more 
ozone than with an east wind. The maximum amount of ozone will 
occur with a moderately moist atmosphere, a temperature between 50° 
and 60°, a barometrical pressure under 29 inches, and a gale occurring 
at the same time. Before the actual amount of ozone can be ascer- 
tained, certain corrections must be applied, and until uniformity is 
adopted the observations cannot be made comparable. Under these 
circumstances, we can do little more than record much or little ozone. 
— British Med. Journal, Oct. 18C4. 

New Source of Ozone. — Cosmos mentions a process of IM. Boelger 
ibr obtaining a continuous supply of ozone. lie mixes two parts by 
weight of finely-powdered permanganate of potash with three of sul- 
phuric acid. A mixture of one part of the permanganate with that 
of the acid, is so powerful an oxydizer as to produce inflammation 
and explosion if brought into contact with essential oils. 

THE COMPRESSION OF GASES. 

An accident, through the breaking of apparatus, was reported 
recently by Dr. Frankland to the London Chemical Society. Being 
desirous of using oxygen gas under great pressure in the laboratory 
of the Royal Listitution, he procMired the apparatus made for the pur- 
pose by batterer, of Vienna. During its use an accident occurred 
which fortunately led to no serious results, but which, he thought, 
merited the attention of chemists. We extract from the Chemical 
Gazette the following particulars given by the Professor : The a])pa- 
ratns consisted of two parts. On the one hand, a powerful comprc^s- 
sion-punip, worked by a crank and flywheel, which forced the oxygen 
or other gas into a strong cast-iron receiver, fitted with a conical 
Bcrew-plug and other joints and connections of steel. The action of 
tlie pump had been maintained until 2«) atmospheres of oxygen had 
been accumulated, when suddenly this latter part of tlie apparatus ex- 
ploded, at the same time diffusing a shower of sparks, reminding one 
of the phenomena observed whei iron or watch-spring was burnt in 
oxygen. On examining the shattered fragments of the iron receiver, 
it was manifest that this result had indeed hapt)ened ; and it appeared 
tiiat the combustion of iron was possible under \]b!(^ cAXt:rassA\ASv^:A^> ^ 
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small quantity' of oil, nscil as a lubricant, becoming, no doabt* in Al 
first iii.'^taiK'c* ignittMl, and then imparting the combusti 3n to the nML 
Tlic whulf interior vurface of the iron rcceii-er wa« blistered nl 
coated witli fu^ed globules of magnetic oxyd of iron, the small tnbfr 
lar a|>ertures through the 8crew-2)lu^ were widened to fbiurfoM fr 
nienMon;}, and no le!»s tlian half an inch of steel was bnmt off the 
massive head of the apparatus. It was, nerhaps, so far fortunate tint 
a defective joint rendered it impossible to obtain more than tin 

{)ressure of 20 atmospheres, under which the apfiaratus exploded ; for 
lad it been augmented to 40 atmospheres, the iron must have takes 
fire mon- readily, and perhaps have U'cn completely consumed or haded 
about as red-hot l>olts, endangering both life and propertv. Dr. 
Franklaud had, by a rough calculation, arrived at the conclmsion tint 
tlie heat developed bv the union of half the contained oxvgcn with 
the iron would uave iK'eii suflicient to melt the cvlinder, wfiich wonM 
then have exploded by the remaining pressure of' the other half of the 
go-s. He conciuded by n-ferring to the possibility of applying thii 
principle in the construction of shells, and other implements of wa^ 
Ikre. 

KE-SEARCFIKS ON THE INFLUENCE OF BAD ATR. 

In a recent official re})r»rt to the British Parliament on the state of 
the (.'ornwail and other mines by Dr. An;rus Smith, particular notice 
is taken of the intluciire of iinpun.' air in bn.>aking down the health and 
eiiergv of the worknu'ii. A healthy atmosphere, says I>r. Smith, vaaj 
be taten to be one with '2')'\) per cent of oxygen, and 'Oi jier cent 
of carbonic acid gas. Late in the evening in the pit of London minor 
theatrtfi' as much as 0*2 ")2 and ()*;12<.) per cent of carbonic acid has 
been I'ound ; but the average of above o<J0 samples of air taken from 
the mines examined had n-7.S'). Two thirds of the samples nre- 
sented :in atiiio>plH>re excci'din;;Iy bad, and the worst parts of themioei 
had only about 18*0!) per cent of oxygen, and as much as 1*8 or 
mon* of carbonic acid, in one instance 2*20 per cent. In order to 
test tlie effects of such bad air. Dr. Smith caused to l)C constructed a 
Fniall cl»)se chamliiT of lead with windows sufficiently largo that thor v 
might in any iMuergency l)e broken through for a way of escape. The ^ 
fir>t trial was made by sitting down in the chamber for an hour and j 
40 minutes. This produced about one per cent of carbonic acid, 
ami tlu» air hecame cheerless. A young lady was anxious to be in the 
chauilierwlien the air was sudi tliat candles would not bum. Shewaf 
n(»t much struck by the impurity of the air on entering, although the 
candles were thn^atening to go out ; then» was not cpiite 19 per cent 
of oxygen, and there was ratlier mort.^ than two per cent of carbooic 
a<id. No onif ha<l been breathing in the cliamber, so that organic j 
iiiatter froui the jmtsou was absent and that makes a great difference, j 
'" V Ntood live minutes jHrrfeetly well, making light of the difHcultv, | 
luddeidy became white and couM not come out without help. CKi 
er occasion a still gn'ater amount of carbonic acid was present 
I chamber, but it was not accompanied with a corresjxindmg loss 
ygen, for the gas wa.s driven in upon pure air; there was 20*19 
iX'nt of oxygen, with i\*HV o? ca.Aw\\\vi ^\d. T^vi Y^rsons ^ 

uMihca Jiistaiilly, aud 'were uuaVAv^ Xio «\a.^ ?\^^^ v^x^^ fast ^a^^ 
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DMnutes. Dr. Smith stayed about 20 minutes, but felt very anxious to 
get out, as his movements were made with great haste, and both mind 
Kod body betrayed symptoms of feverish activity. The face was 
QjOAlied, and the lungs acted more rapidly than usual. In fact there 
was a burning haste to live, as if life were afraid of being put out. It 
Beems to him impossible to endure four per cent of carbonic acid 
Hot any length of time. There was a very remarkable lowering 
of the pulse, and as this happened regularly he puts it down as the re- 
sult of poisoning with carbonic acid gas, and asks whether it may not 
uaggest a mode of lowering the pulse in a fever. These experiments 
■how the great mischief that must arise from the impure, unwholesome 
air in metalliferous mines. The men call it ** thin," **poor," ** dead ;" 
the effect is slow poisoning. The explosions of gunpowder produce 
sulphide of potassium, the effect of which is probably like that of sul- 
phide of hydrogen, but from its acting more slowly there is distributed 
over a long period that death which might ensue instantly, and so, in 
chemical phrase, the effect is dissolved in health, and becomes dis- 
ease. Gun cotton seems to promise to perform the work of blasting 
"with less injmious influence upon the air. In the above report, Dr. 
Smith touches also upon various other points of practical importance. 
He notices the purifying eifect of rain upon the air, of which there 
■was such a scarcity last year. Moisture with a high temperature is 
oppressive, but moisture with a lower temperature improves the air, 
and he holds that cold and moisture in such amounts as those in which 
they are found in Great Britain are capable of producing powerful 
constitutions, and that the more watery districts of the kingdom pre- 
sent in many instances the most healthy spots. Still, in relation to 
ventilation he notes that "chemical action, and with it the feelings 
demand a certain amount of warmth first and above all things. No 
function can go on without it. You may live hours, days, or years 
in badly ventdated places with more or less discomfort and danger, 
but a draught of cold air may kill like a sword. In railway carriages, 
and in houses also, the great instinct of man is first to be warm 
enough, and he is quite right. Such a universal instinct must not be 
sneered at." 

ON THE INHALATION OF OXYGEN GAS. 

In a paper on the above subject, read before the British Associa- 
tion 1864, by Dr. Richardson, the well-known physiological chemist, 
the author stated, that his experiments on the inhalation of oxygen 
had led him to an almost precise knowledge of the condition under 
which oxygen would most freely combine with blood. It had been 
stated in sumost every modem work on physiology that oxygen in- 
haled in a pure form is a narcotic poison. These statements arc based 
on the researches of Mr. Braighton, in which the late Sir Ben. Brodie, 
took part. The observations of Mr. Braighton, in so far as the re- 
cital of the phenomena observed by him were concerned, were strictly 
correct ; but the inferences that had been drawn from him were nearly 
altogether incorrect, and were, at the best, so narrow as to be com- 
paratively valueless. In fact, Mr. Braigliton had seen but one form 
of oxygen inhalation. The author next stated that the influence of 
oo^gpn in inhalation was modified — 1. By dilution of th^ oil^^<^tl% ^« 
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By diladon of the blood ; 3. By tlie actjiity of llie oiygcn ; 
t]i<! presence or absence in the blood of bodies irhlch stop com 
tjon. Ou tlio point of dilution of oxygen. Dr. Rii'liar<ton • 
that a certain mcHsurc of dilution waa rmiiiired doI because tlie bi 
cousumed too quiiUy in pure oxygen, but because neutral < ,, 
would not eombiao with die carbon of the blood unless it won diwi 
In atmosiiberic air the dilution is just sufficient U 
ter combuiation ; and the quantity of oxygen m 

absorption at GCf to 65° Fahr., it the oxygen it 

three parts of tbcgas to two of nitrogen. BeyoDrl ihifi, thect 
's reduced, and oxygen n " . . •• . ._-._. 



V be incrcaaed it 



Hence animaU d 



1, but by a process of negation. 

blood, tiie author said that blood poss< ^ , „ . 

Eovuiec] to have most steady power in absorbing oxygen, as it esM 
in common air ; by inereasing the quantity of water in die blood to i 
limited extent, say until it lowered the blood to I'OtM), the absorption 
of oxygen is increated to a maximum, and after that it ia diminiehMl. 
Below l-06fi the absorption of oliygen steadily declines. In resjdrt 
to the activity of the oxygen, the most differing results are obtain^|ri 
according to the activity. If the oxygen be made fresh from eUonUjlH 
potnssa It Mislaine life even in the pure form, and the acdvity of <^| 
fiiuctions is increased ; if electric sparks are passed through the g^H 
or the gas be heated 100°, the same ia the fact. On the other lull^l 
il die gas is exposed to aimnonia, to decomposing animal matt'^i^H 
CTen to living animals, over and over again, it loses, even "IN^I 
diluted, its activity, and no longer combines with the blood. ^^M 
relerence to the laat point, Dr. Richardson said that there were <!4^| 
ditions of blood in which the power of absorption was limited. a^M 
cohol, chlorolbrm, opinm, and certain alkaline products formed in 1^1 
blood in disease, prevented absorption of oxy^'n, and death not Mjj 
eooimonly took place from this cause. Great increase of waH>r4jH 
the same. After this description. Dr. Richardson added that thej 
question had often lieen put, whether the inhalation of oxycen coald 
be usefully applied in the treatment of disease. Priestley, Beddoes, 
llill, and many of those who lived when oxygen was 'first discov- 
ered, had formed the most sanguine expecUlioDS on tliis pointy 
tliey saw before them an elixir, if not the elixir vitie. Chaptal, in 
apvalting of the elTccta of oxygen in consumption, said of it: il nusia 
hope, but, alosl it merely spreads flowers on the path to the tomb. 
Since then various opinions of the extremestkind have been exprcsted, 
the differences having arisen from the entire want of order that has 
been followed in the inquiry. One man has used pure oxygen, the 
other diluted ; the one active, the other negative oxygen. The one 
hu given the gas to anemic people, whose blood is snrchargi'd with 
water ; the other to diabedu or choleric persons, whose blood ii of 
higlb specific gravity : the one has given it heated, the other at the tem- 
perature of &c day. If even a stick of phosphorus were exposed Ui 
oxygen under such varying conditions the phenomena obtained would 
be as variable as those wluch had been registered in physic n 
Qxysen ae a remedy. The iliffieuUica o? mti-svh^ as. iKoSor 
badoeea aluoat insurmountatAc irom aiio\ii«t ia»ac,'ii»XsJ 
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oxygen in a practical form for inhalation. Fortuiately, this difficulty 
18 now removed. The discovery by Mr. Bobbins of a mode of evolving 
oxygen, by acting on peroxide of barium and bichromate of potassa 
with dilute sulphuric acid, had given him (Dr. Richardson) the op- 
portunity of inventing a little apparatus for inhaling oxygen, which 
could be carried anywhere and used at a moment^s notice.' The author 
liere exhibited and described the apparatus. It consists of two glass 
globes, with a double-valved mouth-piece connected with the escape- 
tabe of one globe. ^ The powder containing the oxygen was placed 
in one globe, and dilute sulphuric acid was poured over it. The 
oxygen gas was evolved and passed over into the second globe, which 
was half-filled with water. From this, after being washed in passing 
flux)ugh the water, the gas was inhaled. The apparatus was so ar- 
ranged, that any dilution of oxygen recommended — say three parts of 
oxygen to two of nitrogen— could be secured ; and by changing the 
water in the second globe, so as to have hot, or temperate, or very 
cold, the activity of the combination could be graduated. 

French, Investigations, — M. M. DeMarquay and Leconte, in a 
memoir, on the above subject read at a recent meeting of the Paris 
Academy, advocate the inhaling of oxygen in cases of diphtheritics, 
diabetes, and other exhausting maladies. In some cases, they say that 
under the influence of this gas, strength is renewed, the lost appetite 
returns with remarkable intensity, food being even required m the 
night ; the pale lips are reddened ; and, with these appearances of 
convalescence, nervous affections disappear. The gentlemen do not 
claim to have healed any person ; but assert that at all events they 
have done no harm. 

ON THE PHYSIOLOGICAL EFFECTS OF TOBACCO. 

• 

The following highly interesting paper, on the above subject, was 
read before the British Assoaation, 1864, by Dr. B. W. Richardson, 
the eminent English phvsiologist and chemist. The author began by 
saying that, without bemg a devotee to tobacco, he had for many years 
often smoked. He did not come before the Section biased in any 
degree, as his remarks would prove ; he came simply as a man of 
science, who had tried to comprehend the facts of the whole question, 
and he should put these facts forward clearly, fairly, and free from 
technicalities. Products of the Comlmstion of Tobacco. Some recent 
researches on this subject had led the author to the fact, that these 
products are much more complex than had been supposed. He de- 
scribed an apparatus which was, in fact, an automaton smoker, by 
which he had been enabled to have pipes of various kinds of tobacco 
and cigars smoked by means of a bellows ; the smoke which, in the 
case of a man, would enter the mouth, being all caught and subjected 
to analysis. The results of these inquiries had led him to the deter- 
mination of the following bodies as products of the combustion of 
tobacco: 1. Water. 2. Free carbon. 3. Ammonia. 4. Carbonic 
acid. 5. An alkaloidal principle, called nicotine. 6. An empyreu- 
matic substance. 7. A resinous bitter extract. Physical Properties 
of the Component Parts, The water is in the form of vapor ; the car- 
bon in the form of minute particles, suspended in tlie nt^\at ^^^t^ %xA 
giyiDg to the eddies of smoke their blue color \ I^Jofi wmsstfyc^ m ^^o^ 
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>nic acid; tho carboaic acid gw partlr 
nKth oiamonia. The nicotiDe ia 3 ocm- 
TolatUe body,' an alkaloid which remains in tho pip« ; the empjrea- 
mitic Bubatance in a volotilu body, having the nature of an amnKnui, 
but the exact compositicn of nhii^ i« aa ^et unknown; it is thit thil 
givce to tho amokc iu peculiar odor; it adlicrcs vei^ powerfully lo 
woolen materials, and lu tIiGiK>accDtraled fonn is so obuoxiou6 M almosi 
to be intolerable. The bitter extract is & rceinoua subBtance, of dark 
color, and ofintcnaely bitter taste. It is probably, a compound body, 
having an alkaloid aa its bftsc. It ianot volatile, and only k'aves tlie 
pipe by bein^ carried along the stem id tbc tluid form. FariiUioM 
in different kinds of Tobacco. The gruatc^t variations exist in vari- 
ous kinds of tobauco. Simple tobacco, that has not undergone fer- 
mentation, yields very little free carbon, much amoionia, much car- 
bonic acid, little water, none, or the smallest possible trace of nico- 
tine, a very smnll quantity of emp)TL'uniatic v^>ar, and an pquaUy 
small quantity of bitter extract. Latakia tobacco yields tliese saoM 
products only. Bristol's Bird's-eye yields large ([uantities uf aiu- 
monia and very tittle mcutjnc. Turkish yields much ammoaia. Sh«g 
tobacco yields all the products iii abundance, and the same may ho 
Boid of pure Ilavanna cigars. Cavendish varies considerablv ; soma 
specimens which are quickly dried are nearly as simple as Latftkit; 
odior specimens which are moist, yield aU the products in great abnn- 
dancQ. Pigtail yields every product most abandaotly. The lillle 
Swiss cicars yield enormous quantities of ammonia, and Manillas vicid 
very lituc. Fhj/siological Qftcf» qf the compounrU named own. 
Tho water vapor is innocuous ; the carbon settles on tho mucous ment- 
brane, and irritates the tbroat. The carbonic acid is a narcotic, if it 
be received into the lun^ : the ammonia causes dr>-neas and biting of 
the mucous membrane of the throat, and increases the &on of boIiti. 
Absorbed into the blood it renders that fluid too thin, cauauig irregu- 
larity of the bluoil-corpuscies ; it al«o causes, when absorbed in la^a 
quantities, suppresdon of tbc biliary secretion and yellowness of aku ' 
'' qiiickcns and then reduces the acdon of the heart, and in jroill 
lokers, it produces nausea. The empyreunmtic substance seeioil 
be almost negative in its effects, but it gives to the tobacco smoke I 
peculiar taste, and it is this substance that makes the breath of OM 
firmed smokers bo unpleasant. Nicotine u scarcely ever imbibed I 
the cleanly smoker; it affects those only who smoke cigars, by h 
iug the cigar in the mouth, and those who smoke dir^ pipOflt ' 
rated mth oily matter. Its effects, when absorbed, arc very mjtir 
it causes palpitation, tremor and irregular action of the heart; ti 
lod unsteadmoss of the muscles gcneraQy, and great prostration. 
Iocs not, however, produce nausea or vomiting. Tho bitter extn 
LB the cause of vomiting and nausea when it is absorbed; both it • 
Jto nicotine are always received into the mouth iu solution, and p 
duce their effects, either by direct abaorptiou from the mout' 
bei^ imperceptibly swallowed and taken into the stomach. 

Modi« y Smoking. — Tbc greatest difference arises from then 
aerof smoking. Those who usti clean, long pines of clay. Teal o 
the eBect of the gaseous bodies an<l 1.\ie tmt^ vaAau. ^iia^« * 
Aoii pipes with gUias stems are injtuiaua. C^as«, sauJKsA.>a 
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aro most injurious of all. To be safe, a cigar ought to be cast aside 
as Mx>n as it is half smoked ; and every cigar ouj^ht to be sinoked 
from a porous tube. Cigars, indeed, are more injurious than any 
form of pipe ; and the bcirt pipe is unquestionably what is commonly 
called a *' churchwarden," or ** lone clay." After the clay pipe, the 
mecnchaum is next wholesome. A pi{)e with a meerschaum bowl, 
an amber mouth-piece, and a clay stem easily removable or change- 
able for a half-penny, would be the beau ideal of a healthy pipe. 
All attempts to construct pipes so as to condense the oil have 
filled. To bo effective they must be ver}' large and inconvenient. 
It is of no slight importance, if a man must smoke, for him to be 
careful of the manner in which it is done. A man mav, by prac- 
tice, become habituated to a short foul pipe, but he never fails to suf- 
fer from his success in tlie end, nor, unless the habit of actual stujie- 
fiurtion bo acquired, is any pleasurable advantage derived. What may 
be called the soothing influence of tobacco is as well brought about 
by a clean porous pipe, or well-made cigarette, as by any more violent 
and dangerous system, while the harm that is inflicted is of an evan- 
escent character. 

PhyHological Effects of Tobacco. — ^Dr. Richardson next gave his 
▼lews respecting the physiological action of tobacco, as follows : In 
an adult man, who is tolerant of tobat^co, moderate smoking, say to 
the extent of three clean pip<^s of the milder forms of pure tobacco in 
the twenty-four hours, does no great harm. It somewhat stops waste 
and soothes, but there are times when it unsettles the digestion. To 
an immoderate degree, say to six or eight pipes a day— especially if 
strong tobacco and fine pipes l)e used — smoking un(|ucstionably is 
Ter}' injurious to the animal functions. On the heart, the symptoms 
aro very marked. They consist of palpitation ; a sensation as though 
tlie heart were rising upward ; a feeling of breathlessness, and, in bad 
cases, of severcpain turough the chest, and extending throu«^h the 
upper limbs. The action of the heart is intermittent, and faintness 
may be experienced. Extreme smoking is also very injurious to the 
organs of sense. In all inveterate, constant smokers, the pupils of the 
eye are dilated, owing to the absoq)tion of nicotine, and the vision is 
impaired hj strong bght ; but the sjnuptom which most of all allects 
the vision, is the retention of imatres on the retina after the eye is 
withdrawn from them. Long smoking also aOects the mucuous mem- 
brane of the mouth, causing over-secretion from the glands, and a 
peculiar soreness of the throat, with enlargement of the tonsils, first 
well described by Dr. Gibb, and since named by myself, ** smoker's 
sore-throat." In some persons tliis initation extends into the larynx 
and broncliial tube?, and the free carbon of the smoke is deposited 
tliere, giving a dark, almost jet color to the secretion. The worst 
effects of moderate smoking were, he said, to Iw found in growing 
youtlis, upon whom tobacco was most <lelct<«rious and injurious. 

It had oeen urged that smoking produced cancer and consumption. 
Now, in regard to consumption, there had come under his notice 
eases to the total number of^ 3G1. Out of this total there were 225 
p'rsons who did not smoke, and K^G persons who did smoke or who 
had smoked. Thus out o£ 361 cousumpliv^i pcTOou*, U\o*\i viUo did 
not smoke showed au excess of 89. Out of \\iQ \A>Va\ vA 'iRkV^>iQLVso4 
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vcre 230 inltlcB and 131 ft'inales. Out or tfae 230 males, tLc numUr 
wbo smoked waa 136; the numlx-TwhoiUd not amoki^ was 94. Tbui, 
out of i'M) eoiiHUinptivc males, tlie tiuokcn sbowuil mi qxcvh ul U. 
In re(;aril to chronic brondiitis, including aathma, tbere e^uaif unilnc 
Dolicc casVs to the tot&l number of 476. Out ofUiJa total, theiv wen 
dSH persons who did not smoke, tnd 137 persons who did smoke or 
wlio lud smoked. Thus, out of 475 persons sulliiriDg from cbruDic 
bronchitis, those wbo did not smoke snowed an excess of 201. Out 
of the loud of 475, there were S4!) males, and 226 females. Out a( 
tfae 240 moles, the number wbo smoked was 137. and the numlwrwLo 
did not smoke was 112. Thus, out of ^49 mains sufiering fruui clinin- 
ie bronchitis, the smokers showed on cxccm of 2o. He ^It confidmi. 
therefore, that neither eonsiiraption nor bronehitis in tlie throiii' 
form could be induced primaril}' by smoking; for vliilc it is tnio tli.i'. 
among the nien, those who smoked were the most nmncroiu of (lie 
suflcrere Irom both diseases, we are bound to aecept this circtuiuttamu 
•s eoinddcntal merely. 

Hie Btati-taenta to the effect that tobacco-nnoke causes spcdSe 
diseases, such as 'nahmty, epilepsy, St. Vitus dance, apoplexy, la- 
sanic diseases of the heart, caocer and consumpuon, mid chrooic 
broncliitis, have been made without any sutht-ient cvideDce or refer- 
ence to facts ; all such statements are devoid of truth, and (^an nmw 
accomplish the object which those who offer them have in view. 

That which smoking effects, either as a pleasure or a penalty, c " 
man, it inflicrts on an^ national representation of the saine nu~ ~ 
taking it all in all. stripping from the argument the puorilitiei : 
aggerations oftbosc who claioi Co be the professed Botaffooin) 
practice, it is fair to say that, in the main, smoking is a Iukiu] 
any nation of natural habits would be better without. The li 
not directly fatal to life, but its use conrers to the mind of the t 
wlio looks upon it calmly, the unmistakable idea of physiiral d 
tion. 1 do not hesitate to say that, if a community of routhi o 
■exes, whose progenitors wcro finely formed and powerful, wer 
be trained to the early practice of smoking, and if marriage « " 
be confined to the smokers, an apparently new and a 
inferior race of men and women would be bred up. 
sneh an experiment is impossible as we lire; for many of i 
latliers do not smoke, and scarcely any of our mothers, and til 
lo the credit of our women chiefly, be it said, the integri^ ofj 
race ii fairy preserved. Witii increasing knowledso we may h 
that the some integrity will be further sustained ; but sUll. tH 
of what tobacco can do in its extreme action is not the less to ' 
gotten, for many evils are maintained because their full ami 
elTects are hidden from the sight. The ground ou which I 
bolils so firm a footing is, that of nearly ei-crv luxury it is the ll 
injurious. It is innocuous as compared with alcohol, it does iafiid 
less harm than opium ; it is in no sense worse than tea ; oad by UhiI 
of high living, altogether contrasts most favorably. * '' 
nnoker may or may not be a honl drinker, but there is 
never is, a glutton ; indeed, there is no eure for gluttony aiMl> 
train of certain and fatal evils like tobacco. 

Tbe poor aavage firoin nhotn i«e 4oA\ci\«Siw:. WmAw 
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tome soUu.'o to bis yearning vacuous niiiul, and killed wearisome, 
lingering time. The type of the savage, extant in modem civilized 
life, still vacaous and indolent, finds tabac the time-killer ; while the 
OTcr-workcd man discovers in the same agent a quietus, which his 
exhaustion having once tasted, rarely furgets, but asks for again and 
again. Thus on two sides of human nature we see the source of 
the demand for tobacco, and until we can etiualize labor and remove 
the call for an artificial necessitv of an artificial life, tobacco will hold 
its place with this credit to itself, that bad as it is, it prevents the in- 
troduction of agents that would be infinitely worse. 

CURIOUS PHYSIOLOGICAL EFFECTS OF NITRITE OF AMYLE. 

A paper on this subject was read at the British Association, ISGi, 
by Dr. B. W. Richardson, the well-known English physiologist. lie 
first described the mode of manufacture and the chemical iiroperties 
of the nitrite, and then passed on to the physiological action. The 
first remarkable fact was that the nitrite when iulialed produ(*ed an 
immediate action on the heart, increasing the ailion of the organ 
more powerfully than any other known agent. As the action of the 
heart rises, the surface of the skin becomes red, and the face assumes 
a bright crimson color. A little of the nitrite was here plained on a 
piece of bibulous paper, and passed round to show the effect on the 
nice ; and the effect was most remarkable, causing the faces of the 
persons who smelt the vapor to become instantaneously (lushed. 
Carried to an excessive degree, the nitrite excites tlie breathing, and 
produces a breathlessncss like that caused by sliarp running or row- 
mg. On animals, when the agent is given in large (]^uantities, death 
is produced. The author, at first thought, that the nitrite, like chlo- 
rotorm, would cause aniestliesia ; but experiments had shown that this 
view was not borne out. Animals would, it is true, lose conscious- 
ness; but when such a stage was reached, great dangers n^sulted, 
owing to the slowness by wliich the poison was removed from the 
body after its absorption. On the blood the nitrite pro<luces dark- 
ness of color, but it does not materially interfere with coagulation in 
the body. In the lungs it excites congestion, and in the brain slight 
congestion. It causes no severe spasm and no sickness. Afler enter- 
ing iuto certain other details, Dr. Richardson proceeded to say that 
the most remarkable effect prodntred by the nitrite was that in the 
lower animals — frogs, for instance — it led to suspended animation, 
which could be maintained for so long as nine days with pcH'ect al\er- 
recovery. This fact was of curious historical interest. The ancients, 
tvpeciaUy Theophrastus (Paracelsus), had stated that there was a 
poison wliich, wiieu taken one day would not take effect until soine 
future day. This statemeut, long considered as a myth, had within 
the present year been shown to be tnie by Dr. Letheby, who had dis- 
covered a poison which really pro<luced this pheiionieuon. In like 
manner the ancients had an idea that there were medicines which 
would for a time susp<*iid life. 

The proceeding oi Friar Laurence in giving the distilled liuuor to 
Juliet, was based on this old fiction, or shall we not say fact r The 
next point dJscwfsei} by Dr. Uichardson had rofereivcAi Ui \\\^i vasNvVi v\€ 
Mcthn of this poisc^. Were the effects produced 1\\tom^A\ ^^i'i Wvi«i^ 
21* 
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or by the nerves rlirect ? The speaker said that lio hnd been led li 
the conuliwion, from previous experiincnU, tlml nil poiaons w«i 
brought into &clion through the blood ; bat thia very commonlj m 
cepted tlieoiy did not explain the immediate am) powerful accia 
whit'h fullawB the exhibition of the minutest dose or the nitrite q 
amyle. He thought, therefore, that the action wm immedifttt!! 
the nerroua syateui, and that such aetion, transferreil to the Glati 

s, paralysed the vaso uenua, oa 
d tbe vesseb, causing the poeuliur 
rcdneas of the akin, and the other phenomenon that had been narralvd. 
Dr. Richardaon, in conelustun, said that nitriu; of amyle. like to 
chlororoim 20 years a^, waa only to be considereil a plw-sioloxiral 
curiosity. It might by its action suggest the cause of trani-c, nnd ol 
what was called hyulerical unconsciousness, and it inisbt explain th* 
mode by which certain analogous gubstancca product-d their cHccti on 
the organism. It had licen suggested — naturally suggestetl — that in 
dinting, aa from loaa of blood or from fear, the inliatation of tliv 
nitrite b( amyle might be of service. Ho (the author) did not, hen- 
ever, at the present moment recommend its use in uiedicinc, bcvaose 
of the intensity of ita aetioii. This lust point was at thopreseut tiiiii) 
under bis inquiry, and he would eport further reaulU at the next 
meeting of the Association. 

THE EFFECTS OF ALCOHOLIC DRn<K3 AND TOBACCO inOX THE 
UKALTIt, 
The following curious passage relating to the efiecta of I 
drinks and tobacco upon health occurs in the aisth annoal report d 
the Register-General tor Scothuid; "All dosses am agreed at H 
the evils produced by the abuse of stimulnnla (alcoholic) drinks and (H 
tobacco. But a certain class decry cTi;n the use of these, and poiat 
. to the statistics as a triumpliaot proof of tliu baneful effect of such 
Btimulants and sedatives. No such conclusion can be drann from 
luch statistics ; and this may bo proved in the moat ga^afactory man- 
ner. Tobacco and stimulating drinks arc almost exclusively c 
■umed by males, and by almost none under fifteen years of age. 
wi: find that in every 100,000 males under filleen years of kgo b 
disoaacs cut off annually SA7 persons; whereas in an c 
females only 276 are cut off by the samo diaeaso. At the very p 
of life, therefore, when neither sex uses these so called obiM; 
articles, the male tendency to those diseases is so much (pvalcf tl 
it is in the female tliat 337 malca die for every 2TG femaios. A"" ~ 
fifteen years of age. when for ar|^ment''& sake, wo may allow tl 
male does not consume these artit^les, or, at least, that the m 
who do is so insignificant as not to affect the general results, 
iJie mole both uses and in many cases abuses Uiem, instead oif 
ing tliat the relative proportion of male deaths from these die 
incroaacs, we fjid that it rather diminiahcs ; so that while al 
fifteen years of age 217 males ilie from these diseases in every 100, 
males, lU-l females die out of a like number of femalei 
■ubJBct may bo viewed in a more striking li^ht still, by 
proporiioa of each aex who die Irom Uwsc iiacowa i^iv, muI 
oftoen jem of Ofe. By this it niU \i« lomv^ '^a^. '^n- t&a&v 
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dency to death from these brain diseases in persons above fifteen years 
of age was greater in the female than the male. The only conclusion, 
therefore, ifmich seems deducible from these facts appears to be that, 
in 80 far as the statistics of these deaths go, there is no evidence to 
prove that the consumption of alcoholic liquors (including every form, 
wine, beer, spirits, &c.) or of tobacco, injures the general health of 
the population. On the other hand, the evidence seem rather to favor 
the idea that the moderate use of these articles by the mass of the 

Seople so improves their health as to act as a counterpoise to the un- 
oubtedly injurious and fatal effects to which the abuse leads in the 
few." 

MIGRATIONS OF PHOSPHORUS. 

'* Large masses of phosphorus are, in the course of geological rev- 
olutions, extending over vast, periods of time, restored from the or- 
ganic realm of nature to the mineral kingdom by the slow process of 
foasilization ; wherebv vegetable tissues are gradually transformed 
into peat, licnite, and coal, and animal tissues are petrified into cop- 
rolites, whicn in course of time yield crystalline apatite. After lying 
locked up and motionless in these forms for indefinite periods, phos- 
phorus, by further geological movements, becomes again exposed to the 
action of its natund solvents, water and carbonic acid, and is thus 
restored to active service in the organisms of plants and lower ani- 
mals, through which it passes to complete the mighty cycle of its 
movements mto the blood and tissues of the human frame. 

While circulating thus, age after age through the three kingdoms of 
nature, phosphorus is never for a moment free. It is throughout re- 
tained in combination with oxygen, and with the earthy or alkaline 
metals, for vhich its attraction is mtense. * — Dr, HoffmanWs Report on 
Hie Exhibition of 1862. 

MEASUREMENT OF THE CHEMICAL ACTION OF LIGHT. 

Pro£ H. E. Roscoe has reported to the Boyal Society a method of 
measuring the chemical action of total daylight adapted for regular 
meteorological registration, and based upon a method described by Prof. 
Bunsen and himself in their paper on << Photometrical Meaf^urements.** 
It depends upon the law that equal products of the intensity of the acting 
light, in the times of insolation correspond, within very wide ILnits, to 
equal shades of dark tints produced upon chloride of silver of unifoi m 
sensitiveness, measured by meoLS of a pendulum photometer. h\ the 
Society's Proceedings, No. 70, will be found the method of procedure, and 
8i)ecimens of the results obtained, and a diagram exhibiting the curves of 
duly chemical intensity, at Manchester, in spring, summer, autunm, and 
winter. 

PETRIFACTION OF ANIMAL SUBSTANCES. 

About 25 years ago the scientific world was surprised by an an- 
nouncement of the fact that a Venetian, named Girolama Segato, had dis- 
covered a means of reducing dead bodies to a state of hardness closely 
approaching to that of stone, except at the joints, where he had succeeded in 
maintaining a certain degree of pliancy. The results obtained by Mr. 
Segato in this direction were altogether wonderful, and many strangers 
used to visit his collection at Florence, where he bad wVlVed* ^esca^^cS^fiMi^ 
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he wat not enoouraged at fiiH on acemint of his pob'tical prindples andi 
secondly, becaiuie the clerical prty, which were then all powerful, got nn a 
rry of infidelity against him. Hia secret found no purchaiier«, and be died m 
consequence of a complaint which he had contrHCtcd in visitinff Mime of 
the wildest parts of Africa. A short time atier his death, the Tate Abb6 , 
Franc< SCO Bnldacconi, director of the Museum of Natur.il History st 
Sienna, obtained certain results which led to very strong hopes that Se> 
gsto*8 secret might be rediscovered. Mr. Baldaoconi's process consisted 
m steeping the anatomical specimens for several weeks in a solution of 
equal parts of corrosive sublmiate and sal ammoniac a mixture «hich by 
the earlier chemists was called sal alembroth ; and in 1844 a liver thni 

?rejpared was sent over by him to the Academy of Sciences in Paris. 
his specimen had acquired the consistency of steatite, or of serpentine, 
and was perfectlv incorruptible. The Italian papers now state that a 
Sardinian naturalist, Prof. Marini, has rediRCOverea Sexto's secret. His 
proc(*ss is also kept a secret, but firom the description it appears that he 
obtained still more remarkable results th in his predecessor. He has coo- 
structed a small table entirely composed of petrified animal substance«) 
viz : brain, blooH, and ^11, and having quite the appearance and con- 
siittency of breccia. His preparations are incomiptiiue ; they preeerre 
their natural color and will resume their original state on being immersed 
in water for some time. — SUliinan^s Jounud, 

PKTTENKOFEK'S PROCESS OF BESTORIXG PICTURES. 

During the last year or more, considerable attention has been drawn 
to a discovery by Dr. Pettcnkofer of Munich, Germany, of a method 
of restoring old paintings to their original beauty and freshness. The 
method, vruich has been tried with the most satisfactory results on 
many valuable pictures, has, however, remained a secret until within 
tlie ])ast few months, wliun tlie discover}' became protected by letters 
patent, in all tlie principal countries of Europe. From the specifica- 
tions of the English patent, we derive the following memoranda. It 
begins by stating that the process of restoring the surface do<» not 
endanger the original state of the oil picture. It proceeds to explain 
that tlie unwelcome change which comes over varnished oil paintings 
after the lapse of years, is, in most cases, owing to physical and not 
chemical iniluences. Time causes the discontinuance of molecular co- 
hesion in particular materials. The change here begins on the surface 
of the varnish with microscopical fissures, and this system of disinte- 
gration continues to penetrate even '* through the dilTereut coats of 
colur to the very foundation. ^^ Both the suH'ace and the bodv of such 
a picture become intimately mixed with air, and reliect light like pow- 
dered glass, thus losing transparency like oil mingled with water or 
air. 

The best method of rejoining the separated particles has been 
found to Ihj by means of a vaiwr produced from spirits of wine. Dr. 
Petteiikofer places the picture, or pictures, in a closed case or bath, 
the air in which is impregnated with the fumes of alcohol at the onli- 
iiar^' tempt^ratun'! and witliout any application of heat. The resinous 
particU*8 of tlie picture tliereuiH)n absorb the alcohol until they are 
satanted^ and no lonj'er. by tVua \)TW!vsa \\i^ ^\K&i.xMxv\. %.v^\iq^W<^^ 
taoUfcudeB n!ao(]ulre couesiou w\t]bi ^saKVi ox3b».T^«3wi >^\ft <a\!Cvi^^ >i^>»d. 
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cl the original is restored without the picture being touched, and the ' 
cbanee is produced solely by self-action. 

It IS also stated that the very small quantity of alcohol that has been 
tf)8orbed«speedily evaporates when returned to the ordinary atinos- 
pbere, and the surface remains as clear as if newly varnished. Thus, 
ue main principle of the patent now taken out is the self-acting na- 
ture of the process, being effected by means of vapor alone. 

Hie London Athenasum says respecting this operation, ** that its 
tatisfactory working and results may now be openly seen and watched 
upon several well-known pictures in the National Gallery. The pro- 
cess seems to have been lairly tried, without any fear of detriment to 
the pictures, and the result is such as to thoroughly warrant the im- 
portance of the invention. The pictures which have thus been fresh- 
ened in the National Gallery, so as to recover their almost pristine 
brilliancy, are, principally those of Rembrandt. It should be, how- 
ever, stated, the process is understood to be only available for a res- 
inous body like mastic varnish, and the fact of solid oil being imper- 
vious to these fumes is a satisfactory guarantee for the safety of the 
genuine old pictures, painted in pure oil. How it will fare with the 
more modem paintings, where mastic varnish was so intimately mixed 
np with the oil, even m the original groundwork, is a matter of some 
anxiety, and is likely to be the subject of a still more delicate exper- 
iment. 

THE CHANGES IN DISCHABGED FIREARMS. 

The changes in discharged firearms have been recently investigated 
by M. Decker, who states that, whatever may be the construction of 
the weapon, after its discharge, there is produced in its exterior and 
interior a modification in its physical and chemical characters varying 
with the progress of time. Immediately after the discharge there is 
formed in the interior and exterior of the gun a blackish blue deposit, 
the age of which may be estimated by the variations in its composition. 
The red spots of the eun proceed from the action of the residue of the 
charge on the metal, for an arm that has not been used does not rust 
in a moist atmosphere in the same manner as one that has been used. 
Vanations in the quality of the powder, and in the construction of the 
ffun, do not exercise any influence over the chemical character of the 
deposit resulting from the combustion of the powder. M. Decker 
states, that he has prosecuted his researches with especial relation to 
copper cannon and to gun-cotton. Thus, chemical science can detect 
whether a gun has been fired or not, and, to a certain extent, how long 
it has been so used. 

ON THE UTILIZATION OP SEWAGE. 

The following interesting remarks on the subject of the utilization of 
tewage, were submitted to the British Association at its last meeting, by 
Dr. H. Bird. ** The London sewage was something enormous in quan- 
tity. It was collected in immense reservoirs, and then poured into the 
river at times when it would be swept out to sea. Thus, the whole of 
the sewage of London, containing important chemical constituents, was 
Utterly wasted. He had no doubt that they should relieve the basin of 
the Thames completely of the sewage which fell into it from Chelsea to 
below London ; but with regard to the utilizadon Qi£ XJivi^ «e;^^^^^v^^ ^^ 
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not nee their way clenrly, and on anolher pnlnl they irpre in s greul £&- 
culty. Tbu point wan as to what wns to become of ihc drniiiagi- of lti>: 
hrse towns above their district, bectuae it «n.i imponsihle to j<uii thcrr. 
with Loudon, and it wtu idie to seek to drain Oifurd by snj Licr.. 
drainage that could reach the aeo. At the preaeat time Kingi^ton h.v\ 
made BrrangemeDts to pour its sewage into tlie Thames, but was atojipnl 
by an injunction ol)teiued by Ihe ConaerTat^ra of the river, hv whkli 
they had been tauf^ht that such nuixancei could not be continuE^. The 
question then remained, what waa to be done with itP Two facta had 
been proved. At Leicester, where the experiment h«d been carried no 
regardless of expense, it was proved that the deodorizing of seyngt b) 



and fruit, wblcb before were poisoned, bad now returned to tlieij 
condition. This fact was also apparent, Ihnt the products which it h^ 
been thought would be sufficient to pay for these works hnd proved ic. 
entire fitilure ; and except fbr the lime u<ed, which was very us^rnt {or Li.-. 
fertitizntion of land, it nad proved utterly useleai. The other f<tcc <•: 



the experiment at Croydon, which certainly did appear n 
There the river ftirmerly waa polluted by the sewage. A Einn of vi 
acres was then taken; ordinary draina were cut, the sewage was tumi:! 
into the land before it passed into the river, thus purlfjing it of its otfrn- 
live ingredietta, and proving of great advantage to the land.~ 

We find the re.<u1ts FUMrompiished at Croydon stated rather more fully i 
tlun aa above, in a recent article in the London Titna. " The town ■»• J 
ihorities being stopped by injunction from throwing their sewage iu (he I 
river Waudle, they ieaaed U4U acres of land at 4f. an acre, turned their I 
sewujje upon it, and relet it for 51. an acre. Thus they make • vtnr > 
protit of 2Hil. a year, and enormous crops ore got off the land, whliii 
serves as a [mttern card, as it were, lo the aurrounding formers of ti 
Vidue ot sewage. It should, however, be particularly stalpd in this ^^ - 
nectio 1, that Croydon is farorably situated for the distribution of iu m:< 
tkte, as it stands on a hi;4ht, and it can therefore be distributed by mtx^i 
of umple gravitation. 

OS I-HEStC OK CABBOLIC A-;iD. 

The following account of pheuic, OP carbolii; acid, — an artii'le wlil. 'i 
from its sanitary aud industrial value is yearly becoming of ^fPW' 
ini|K>rtsnce, — is taken from a reountly publishiid paper of Dr. Juli 
Leinairu of Paris. 

I'hcuic aeid (CuIIo 0,110) was diacovered in 1831 by li'i"."' " 
has given it the name of carbolic acid. Laurent. wh'> -; 
iKHiy, and described many of its combinations, diisigii.i:< 
the name of phcnic and hydrate of phcnylo, because In 

Cos it among tho aeids. Gt^liardt gavu it the name of [>:, i i 
also received thu names of phenic al'.'ohol, of spyrol, and of 
cona, [ Li lhi< country the acid la bust kuown in trade " ~^^ 



\.l Lm been formed synthetical tv by M. Bcrthulot, by pftsil 
boUc or jicolic acid vanora ibruugU a nurwlim tubu heat«<l to 
Gcrbnrdt lias obtaiueil it from aaWmve ft>;»\ \>'s 'iX«.«k>a'«\ h\. \h» 
baryta. Stiedulur tuu TounA tliat i\iBttnac«'L«K«i,ilacV-at^, iiiA. 
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iwntain it in quantities easily perceivable. It exists also in commer- 
Bud creasote ; but it is from the oil from gas tar, ivhich contains it in 
sonsiderable quantity, that it is obtained. 

JPreparcUion, — The oil from coal tar is submitted to fractional dis- 
ination. The part which passes over between 160° and 190° is treated 
wiih a hot saturated solution of caustic potash and some powdered 
potash. A mass of cn'stals is thus obtained, which may be separated 
bj decantation of. the duid. 

When the mass is dissolved in water the solution separates into 
two layers, one light and oily, the other heavy and watery. The lat- 
ter is separated and treated with hydrochloric acid, which sets free the 
carbolic acid. 

The pure acid has an odor resembling creasote ; the specific gravity 
1=1*065. It is soluble to some extent in water, but is very soluble in 
alcohol, ether, and acetic acid, as well as in glycerine and the fixed 
and volatile oils. The pure acid acts energetically on the skin. A 
weak aqueous solution coagulates albumen and the blood, and acts as 
a strong antiseptic. Putrid meat and fish, fsecal matter and ferment- 
ed urine instantly lose their disgusting odor, when immersed in or 
treated with the solution. In consequence of the supposed little sol- 
ubility of carbolic acid in water, it has hitherto been chiefly employed 
mglxed with powders, as in the case of Smith and McDougalPs disin- 
fecting powder ; but the author of these papers has by careful experi- 
ments determined that the pure acid is sufiiciently soluble in water 
for the solution to possess the power of coagulating albumen, of arrest- 
ing or preventing spontaneous fermentation, and consequently of de- 
stroying infection. The saturated solution acts also on plants and the 
lower animals as a violent poison, though containing but five per cent 
of the acid. The solubility of the acid may be considerably increased 
by the addition of from five to ten per cent of alcohol or of acetio 
acid. 

From the experiments which the author has made on the action of 
|)henic acid on plants and animals, it appears that a very weak solu- 
tion will instantly destroy the lowest forms of animal and vegetable 
life. The juices of vegetables are prevented from becoming mouldy 
by the addition of the smallest quantity of the acid. Herbs and shrubs 
watered by a stronger solution rapidly die. 

The microscopicoein^s concerned m the production of putrefiictive 
fermentation are as quicMy destroyed by a weak solution, and the pu- 
trefaction is completely arrested. Parasitic and earth-worms also 
are easily killed by a solution containing i per cent, or by^ expo- 
sure to air containing but a small proportion of the acid. A 
stronger solution kills me eggs of ants and earwigs, and larvs9 of but- 
terflies, caterpillars, &c. 

Action on the Human 5^n.-~Iminediately after the application of a 
thin coating of the pure acid, a sharp smarting is felt, which lasts 
about an hour. The epidermis becomes wrinkled, and in a short 
time the formation of a white body may be remarked wherever the 
acid has touched. This white coloration results from the action of the 
acid on albumen ; it dis^mpears by degrees, and is replaced by some 
congestion, which lasts sibout 20 days. This congestion preaexvta «i)LL 
the characters of an intense inflammadou, \>em|^ 9j(X/^\x<^^^^nSCki ^c^^ 
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ncM, heat, and swcllinp:. If a small piece of the epidenms (idud 
appears rained as in a blister) be stripped o£P, no serum escapes. The 
epidermis becomes detached by deforces, and when the exfoliation is 
complete a brown spot remains, which testifies for a long time to the 
energetic actipn of the acid. After a number of experiments on hii 
own arms, and the arms of his friends, M. Lemaire assures us that the 
smarting never lasts longer than an hour. The redness of the skin 
endures about 20 days, but the inflammation never extends beyond 
the part to which the acid has been applied. 

Action on the Respiratory Organs, — ^From experiments on mice and 
horses, the author concludes that the higher animals may breathe the 
diluted vapor of the acid for along time without discomfort or danger. 

Mode of Action, — ^The general fact resulting from the author^s ex- 
periments is that phenic acid acts on plants and lower animals as a 
violent poison. 

When the action of the acid on a semi-transparent leaf is examined, 
it is easy to prove that it coagulates albumen, and that the paren- 
chyma and cpiderm arc contracted. This explains how it is that mi- 
crophytes and microzoons die so quickly in its presence. All animals 
with a naked skin, and those which live in the water, die sooner than 
those which live in the air and have a solid envelop. The difference 
appears to result from the power of absorption, which is much greater 
in the former than the latter. 

When frogs are placed in a saturated solution (five per cent) of the 
acid, the skin shrivels and becomes milky from the coagulation of the 
albumen. The branchiae of fishes also become white. This coagular 
tion of albumen led the author to suppose that the death of the ani- 
mals resulted from the coagulation of their blood. To verify this 
8npj)08ition, he examined, under the microscope, the action of the 
acid on the branchiae of the larvae of salamanders, in which the circu- 
lation of the blood is easily seen. He then observed that, although 
the solution arrested the circulation instantaneously, it altered neither 
the form nor appearance of the blood-globules. All the change con- 
sisted in their immobility. When the blood is coagulated by mineral 
acids the form of the globules is changed. With carbolic acid noth- 
ing of the kind takes place. Besides this, a post-mortem examination 
of a dog and horse proved that the blood was not coagulated. Phenic 
acid, then, does not kill by producing coagulation of the blood! Its 
action on the blood-globules, however, leads M. Lemaire to think that 
these globules are living beings. 

Insects exposed to a weak dose of the acid become asphyxiated, but 
they soon recover in pure air. 

When a, gramme or two dissolved in water is administered to a 
dog, the animal falls as if struck with lightning, but soon recovers 
again. The sudden fall the author ascribes to violent pain, and the 
rapidity -with which it is absorbed and carried to the nervous centres. 
It is on the nervous system, then, that phenic add principally acts. 

COHESION FIGURES OF LIQUIDS. 

In a communication made to the British Association on the above 
subject by Mr. C. Tomlinson, the author stated that his researches 
began aa far back as 1861, since wVi<eii\i<e^^i'8A «iS&.oT\% q'^^t T<i»N&j(& «jg^ 
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pB«d the principle involved to s «pecip« of cheioirttl andyais. Tha 
priiuiple of tlio cxaminatioD h to pUi?e a drop of n licjuiil un tbc sur- 
tco of clean water in a chemieallf cluan glass, wiien a figure is pro- 
duced wiiidi was charartfristie of the liauid ao tested, and capable of 
htia^ used for its idoutification. The figure formetl is ft function of 
n^eiikin, sdhcdon, and diffusibility. If an;- one of these forcaa be 
*ari«ttbefigDre varii's. The G<!uragDr alcobol for cx^iniplc on water, 
memirj-. the fisod oils, melted lard, spermaceti, paraffin, sulphur, &e. 
arf all different. A new net of figures is produced bj allowing the 
drop to Euhside in a column oflinuid instead of diffusing oicr its tar~ 
bco. Those laat the author calls " submersion figures of liquids." 
Tlic fi<nire o€ a drop of oil of lavender iu a colunio of alcoboi thus 
prodnccd is singidarly romiillcatcd and beautiful. The test bj- cohe- 
sion figures was stated bj uic author to be so delicate as to readil/ 
distinguish diDerenccs between oilfl so dcjaciy related as the olciues of 
bvef-Git and matton-Cit, when the one was adulterated by the other. 
Another series of results arc obtained, not by placing a drop of the 
Wrpiid on the surface of water, but by allowing tho drop to sink below 
the surface before the figure is developed. In this way a lar^e numbtir 
<if figures of great vanety and lieaiity have been produced by allow- 
Jns drops of Tarious oils, solutions, and other liquids to subsido in 
I'olumni of water, spirits oS wine, etbcr, turpentine, paraffin oil, 
heniol, andpyroligiteouscther. For example, a solution of eocliinoal 
(^m 30 to SO grains in one fluid ounce of distilled water and fil- 
tered) forms admirable figures, in a column of watT contained in a 
f|tmn cylinder 11 inches hi^band tbrcc inches in diamct«r, into wbich 
about i an ounce of solution of ammonia or a little alum water had 
been poured. If riTcr water be used the lime is thus thrown down, 
ao that the water should be allowiid to stand a few hours before pcr- 
lomiing the experiment ; or if distilled water bo employed, tho am- 
monia and the alum, by their chemical acX'on on the cochineal, add 
to tbe beauty of the reanlt. As soon as the drop of cochinnal solu- 
tion (delivered gentlv from a pipette) falls heueatk the surlace, it ex- 
pands into a ring, sinks a short distaoco farther, and then becomes 
poised. Tlic more diffiisive portions of the coloring matter stream 
upwards in a faint (lamc-lilto circular cloud; tho denser portions ac- 
rumul3l« al two oppoi^itc points of the riug, which is thus at its thinner 
portions bent upwu^, and then drawn downwards into graccfid fes- 
tooned lines by Ibe heavier portions, which form separate rmgs smaller 
than tbc parent ring. These rings in like manner, descend. The 
dcDsrr portions of coloring matter accumulate at tbe two opposite 
points, 1)0° from the points of attachment to tbe festooned lines, 
Bach small ring is, in this cose, also bent upwards, while it drops two 
other rings, which in their turn go through tbe same scries of changes, 
until tbe figure becomes almost loo complicated to follow. Tiiis is a 
non result with a nioderalelj weak solution of cochineal; 
inger solution the figure u'ldergoes some beautiful modifica- 
Theneavier portions of the coloring matter collect not al two. 
bnt at four, six. or even tarea or eight points of the riag, bending it 
rards in as lu.iiiy curved lines, an<l letting drop as many riuKS, 
' >/'ir;luc& becomes the seat of wanufUL-tuKuf two rings; aMdia Oa* 
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Kotvpus method ordivii 
tied through tUo Kulution.' 
A mora cnmplicuted H^re, on the above type, i> formpd hy a 
dropofoilof lavender (from the end nfB(;bsB Tiid)j^nlly lO'iilmidebene 
the turtaee of spiriti of wine cnnt^iineil in a cylindfiral giwn k-- "— 
high and one inch luid a qu.irter in diameter. Oil dTcubebsorof i 
fnmiB f»nort figures. The oili of turpentine and of juniper, as well as 
oils, form flit ipherrnds. The appcirauce of the fircures deprnda upo 
(oluhility of the liquid eroplo^-eu. in some cases they are gtiiHsy oi 
churine, in others c'lalky or milkv, nrining from the el^iopteit of lite ess 
<hU being the ftrxt di4olved, while Che ntenropten is left to do the i 
nf tlie HKiire. When a column of benzol was mcd, many of the essentiid 
oils formed these opique white figiina. Oil of winter-green, turpentine, 
camtihorated spirit, oil of bitter almonds, && fonued good Sgiires; the 
fixed nils fomed discs with waving edges or cup-ahipcd ve^iieU, which 
became drown out in deecendiHR, In a column of parjffin oil Kome re- 
markable figures were produced with ab^nthe, neroli, and fu«e1 oik 
With the lait-named oil the drop first forms a disc bagging downwurds.nnil 
this ulmost immediilely expands upwards, swi'lla out into a dome or cone, 
the ring expanding all the time; the point of the cone remiins tited in 
the liquid, while the lower edj^e becomes an-iied at four equidislunt pcsnls, 
the edges of the nrches beautifully fiinged, and tetn fill lines with drops 
t the ends, which furm separate cones, each of which l>cc<ime« arch^, 



and lets duwn other lines with dr 






a figure 



of greit beauty, and with an architectural kind of effect nliieh is very 
■tnking. The duration is also considerable. The texture of the figure 
is g-Jiue-like and delicate. A number of figures were oljtoiied when a 
oorunin of turpentine was used; a Ktill Inrger number iti a column of pj- 
loligneous ether, some of which were chalky and very persistent. A drap 
of water fiashed into a ring, descended, and exjtandcd In rolling on lis 
curved axis somewhat after ^the manner nf a bubble of pho.iphureted hy- 
drogen bursting in air. In*a column of ether those drops that did tK* 
immediately enter into solution formed beautiful rolling rings, — this was 
the case with dro])s of benzol end uf the oils of tuq)entiae and cajeput. 
These liquid roiling rings led to on investigation of the phoF'pbureted 
hydrogen nngs in air, which the author thinks have not been correctly 
explained in our text books. The nearest a^'proaeh to a correct eipli- 
nation is that given by Prof. Rogers in the American Journal of Scieiict 
tor 18oS; but id* explauaiion, which is not very precise, iseniUirraased by 
ciinditions depending on the form of the oiifice of the vessel from which 
the ring was projected, the tension of the enclosed gas, the chemi 
action, and, in the case of a liquid ring, the force with which the lii_ 
projected into a column of w;iler, &c. Very fine liquid rings can be b 
by allowing a saturated solution of common sjlt or of Bpsom aalts to 4 
slowly into a toll column of water from a hight of about t 
The liquid rings thus formed roll rajiidly rusind llieir curved iL^es, u 
"" " " ' "0 the bottom of^the vessel before they diM 



cither Mile of the rings; IheM m 
dueed hy the perspective of n numlwr of rings seen through, or » 
thmugb, each other, while at ibe fiont uivil b^ck. Uvc i;L\^es of sia^e i 
oofyMr- 





. ihe most 
It perbnps ul'all poisons, — con<]uctLil by Miiun. S. & H. Siuilh. of 
itinrgb. nad publisbe'J in the Lomdrm PharntcKmtical Jouranl, have 
iMablielicif tlw litct Uiat Uii> maiiiuum nuuitity of the dkaloid. vthirh 
it is potisililG lo CJCEni.'t iit>iii a huiiiin!d wciglit ur the fn'sli S' 
ront, coil not exceed one oiiucc. CanBi>i|ucntly, the moxinsu-i (iiiftnttt^ 
uf the nlkaloiil i^oiitaiiwil in sn ounoi of (he lincturv, u urdinanlr- pn.-- 
puwi auil H>ld, (.-anDOt i-xccod the ' 105 of s P""' ""*' '^ [irulinlilj' 
;nuch less. M. Herts, IVorcssor of the Mcdli^ Faculty at Slmsbuur^, 
b >R article on this subject of aconite contributed to the " Naiaeau 
.ificfionaaire de Mfterine et lie ChirugU Pracliquai," Paris, 18C*, a 
iraric published hj t, enmnuttcc of tbc leading Frenth (.'huutisl^ and 
shjsicians, gives the foUowing as a eunimary of our prescut ebcmjeal 
iBKnrled^. Hu Bays, " die chi-iaical ruaotions of aronitinc are not 
Jtt tiifS('ii>n[ly known to enable as to isolate it from tlie sabstaaec or 
frodaets of tni! body after dcalh." 

This rirumi of tho latest information rcispccting this subtile 
fOiaoD. will be noticed irilh interest by many of our readers, by rel^n 
of its bearing on the celebrated case of John HeudrieJuon, who was 
Inod and convicted in Albany, N. Y. in ldo4, on the char^ of 
pMsoning his wife by aconite, and subsequently (in spile of the 
— —* — loostnuices of nearly all the leading American chemists) 
The theory of tlic prosccutjoa was, that an ounce of tba 






Tomiting. Then from a portion only of the fluids and tissues of tbo 
gtoHUch, liy means of a radically incorrect chemical t ' 




(Mimony, the life of the aocueed was declared forfeited and taken. 
~i Tbe rocent information relative to aconite, (juoted above, fully coo- 
— 'ha views of the chemists who prutt-'sU-'d in 18d4 against the c-on- 
II of tbo jury, and further stamp this trial as one of the must 
eeful ever recorded in the Imtory of American juHspmdcnce. 

8U1IMARV OP CHBHIrAL NOVELTIES. 

Ntte Uat for Oelalin. — Beautiful fancy ornaments have recently' 
' beon introduced in Paris by M. Pinson, callcil ortilicial turtoisoshcll, 
wliicli Ittt oblaiot by melting, nC a moderate tem[U'ratuTe, gelatin with 
ft small amount of metallic salts, running the whole into molds, stain- ' 
ins the moss witli liyilro-sulphate of auiinonia, so as to prudjcu an 
imitation of tho grain of tonoise-sUell. Tho objects so produced aro 
'iban polished and reoilv for sale. 

CMon-teed Oil.— W^ith the more cjctenaivo cultivation of cotton io 
pnropGiui colonial possessions, renewed attention l>as been given to tbo 
Hlbject of tbe oil yielded by tiic cuttan-sced. Recent investigntious 
"-0W, that an oil way be obtained to tho amount of from 15 to 18 per 

rt Irom colU.tii-avi>i\, which is very much cheaper tlian linseed. The 
■ ' -leariy an valuable for faUemii" ^uitvo*** ** Iwaeed coka. 
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Tbo crude oil answers well for paints anri Tamichoi, and makn ex- 
cellent Boap. Tiio ptfiiiBil U vanBidnnxi litUi^ inferior to olive oil, 

Fatli/ Acids Jor Soap and Candle*. — M. Mourici, m a memoir (o 
the French AeaddDj, BUgoests a cheap anil easy method of sepa- 
rating stearic and oleic •chIr and givri'rine. b the ordinorv sute 
tallow is BaponiGcd with dilficnltj. Bj melting the tallow in water, 
containing a little eoap in solution, the ullow asiumes a L'lohidnr 
state, and is then readily attacked by a umall quantity of alkali. 
When the aiisture is raised to 60" C, the alkali and glycerine quieltlj' 
separate. The fatty acida are separated by plai-in^ the soap in wtlvr 
acidalated with sulphuric acid. The stearic acid will then crysudlizc, 
and the oleic aciil can be obtained, almoit colorless, with the sulpbiitc 
of soda, and can tlien bo made into soap. M Cheviml commundcd 
this process, before the Academy, as ing<:nious and simple. 

Preparation of Etnattial OiU. — Mr. T. B. Groves of London sug- 
gests an exceedingly ingenious method for the separation of csseDtiiU 
oils Irom wateiy solutions in which they exist in small quantities, sarli 
solutions being frequently produced by the distillation of aromatic 
herbs, etc. A proportion of olive oil is added to the aromatic solu- 
tion ; this is then formed into a soapy emulsion by the addition gf 
potash. When this emulsion is destroved bv the addition of an ii"-'"" 
the olive oil rises to the surface, bringing with it all the arotnatii! 
which ma^ then be readily dissokcd out of the fatty oil by ajpts 
with rectified spirit. 

Tiu Volatile Constitueai* of Petroleum. — Mr. E. Ronalds l 
cent paper before the Royal Society, Edinburgh, stated, that ihc 
eases dissolved in Pennsylvania petroleum, and which give it suub a 
high degree of inflammability, were composed of the lower mcmlxtn 
ot the marsh gas series, (iaaes taken from the surface of the liquiit, 
as imported in casks from America, were shown by eudiometrical ana- 
lyses to contain a loixtnre of nearly equal proportions of the hydrides 
of etliyl and projjyl. The same compounds were found in the gases 
evolved on wonniug the volatile liquid: after these succeeded the Iqi^ 
drides of propyl and butyl, and finally there was evolved nearly p"""^ 
hydride of bu^l. This liquid has a spec. gr. of 0-600 at the hkK 
point of ice, and is consequently the lightest liquid known. lu V 
por density is 2-11. It is colorless, and has a sweet, agreeable ot' ~ 
Alcohol at 9S p. c. dissolves between 11 and 12 tunes its vol 
this vapor. 

Liquefaction of Protaxyd of Nitrogen. — One of the most ii 
ing objects at a recent xoirie at the Paris Observatory coiuislud ii 
exhibition of the liquefaction of laughing gas, the protoiyd of H 
gen, by M.Bianchi. This took place at zero, Centigrade, under a pi 
sure of thirty atmospliercs, the fluid issuing in a small jet fntn J 
strong metallic reservoir. Received in a glass lube, it relWDod ijj 
liquid condition by reason of the depression of temperature pnxlua 
byov^wration, so that mercury, being introduced, solidified and cr ~ 
bo haimnored like lead. Simultaneously, a body in the i- "" ' ' 
L tion, plangcd into the atmosphere of the liquid, in nhicli 
I froze, burnt with a brilliant light. On pouring tlio protoxyd if 
J anu}! rHatiuuiu capsule heated to vciltkU». lb: U(»nd vu foumd to q 
t'wiiM iM jiroperties wbilo aaauming'iWeifXvftTtovisiifta.V 



CHE>IICJIL SCIENCE. 245 

Me to freeze iiier?ury containrd in little glv-^s arnTMilir. FlsKilly. the 
Imiiicl prutoxyd iH-caine soliilifK-il iiinK-r tin- iviipiiiit nt' an air-puiup, 
the temi>eraturv lioiii;jr ro;lijiH'il to l'J\p U-li>w z^iv, Oinii;j:ra«lc.— the 
most intense coM yi't ohtaiiu'ii. 

Ncte MiKle of Annit/itig. — The rapillaritv uf pipiT as a iiuMiis of 
ftnalvBis, as sujriiosted' by M. Sclionhcin, lias I ih-ii nni)K>yoil l\v M. 
Clopp<4sP(HkT in the separation of colorin;: matti-rs. ^^ lioJi a haiul of 
paper is dipped into eurt*uiua (Indian satfnui) and pi<rio arid, throe 
distinct layers are perceived; the first f*ini:ed l»y pim* water, tlio 
second colored by picric acid, and the thinl l»v thi* yoHow of tlie 
curcuma. If the paper be dipptnl into an alkalnic licjuid tht* nii ric 
lawr disappi^ars, while the curcuma remains with tho bntwuisti hue 
which it acijuires under the circumstances. Similar experiments are 
produced with fachsine, &c. 

MoriiVs Process far recorering Writing on I\:pcr or Ptirchm^nt 
lehich Jtas become nearlij effaced. — ^Tho pa[HT or panlnnent written 
on is first left for some tunc in contact with distilK-d water. It is tlien 
placed for five seconds in a solution of oxalic arid (I uf acid to KM) of 
water) ; next after washing it, it is put in a vessel containinjr a solu- 
tion of gallic acid (10 grains of acid to oOO of distlMed water) ; and 
finally wa.shcd again and dried. The process should he carried for- 
ward with care and promptness, that any accidental discoloration of 
the paper may be avoided. — (.-osmos. 

Pure Water from Lecul Pipes, — Dr. Schwartz of Breslau, pr<>posos 
to render lead pipes, use<l for water-conveyance innocuous, l)y 
filling the pipes for a short time, with a stn)n;; solution of an alkaline 
snlplude. A coating of insolulile sulphide of lead is thus formed, 
which is said to act as a perfect pn)tiM'ting varnish, preventing further 
action Iw^tween the water and lead. — (^Iwm. Xnr^. 

New Oreen Color, — A prize has been awanlcjl l)y the Paris Acad- 
emy to M. Bouffe for a new green, wiiich is pro<luced l)y a mixture, it 
is said, of picric acid and the hydrous oxyd t>f chrome (chro:ue 

ereen). The new color, called bv the inventor vert natunJ, is of great 
eauty and brilliancy, and is suited to n*i)lace. the arsenical grtjcns 
ofton used to color wall pa|K'r from which a |)oisonc)us dust arises. 

Lea's Cleaning Solution. Photo^jraphers are umh-r great obliga- 
tions to Mr. CaiTy l-ica, of PhilacK*lphia, for tlie knowh'dgt; of the 
foUowing glass-cleaning preparation: Water one ])int ; sulphuric 
acid, i ounce; bi-chromat«; potxsli, i ounce. The glass plates, var- 
nished or otherwise, are left, say 10 or \'2 hours, or as mn<"h lon.'jreras 
desire<l, in this soluticm, and then rinsed in clean water, and wipetl <>r 
rui)l)ed dry with soft white paper. It cpfn^kly removes silver stains 
fn>m the stin without any of the attemlant daiigers of the cyauid«; of 
potassium. 

The Physical Analysis of the Unman Ifrmth.-^Mr. W. K. Harn-tt, 
assistant in the Physical Laboratory of tlie II »yal Institution, lias puli- 
lished in the Philosophical May izine, a reconlof sonu? n*markable ex- 
periments on this interest in ;r subj«'i t, made ciiiellv by iiu-ans of the 
apparatus employe I by i)r. lyndill, in his re^eamuH «)ii the aluorp- 
tion and radiation of he.tt by g;wer;us nutter. (!an;fully [jrepan'd 
vulcanized India-ru!)i)er ba-^s'were hlle I wit'i air frrn the 1 iii^s.^l. 
^hoat InJt'an lity.ir (in»r rUi-.ix: *^. \*» »it t 'i\ mV.v.vti'.A aWv^v \\Tv'i,.>J*.- 
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fast: 8, after a brisk walk: and 4, alter pcrere exertion. Tbe 
contents arc then successivelj allowed to enter an exhausted brass 
cylinder, the ends of wliich arc stopped air-tight by plates of 
rock-salt. Through this cylinder the radiation from a flame of car- 
bonic oxyd gas is passing. Immediately the breath, which has been 
deprived of its moisture, fiUs the cylinder, more than half the heat 
from the flame is absorbed, and this entirclyby the small quantity of 
carbonic acid present in the expired air. The amount of heat inter- 
cepted by the orcath is, in each case accurately measured by means 
of a delicate fhermomultiplier. The percentage of carbonic acid 
contained in the difl'erent specimens of breath is fonnd by calculation 
and subsequent experiments, and is then compared with a chemical 
analysis of each specimen. 

The close agreement between the methods of analysis is shown by 
the following numbers :^ 

By phydeal analysis. By ohemfeal analytit. 

Bag 1 4-00 .... 4-31 

Bag 2 4-66 .... 4-/>6 

Bag 3 6-33 .... 6*22 

These numbers indicate the percentage of carbonic acid in breath, 
and show that the least amount of that gas was exhaled before breakfast. 

Many other different samples of breath have been examined by Mr. 
Barrett ; the results he has obtained prove the great delicacy of tbe 
new method of analysis in detecting small ciuantities of carbonic add, 
or in discovering variations in the amount ol this gas in the atmosphere 
or in the human breath. For this purpose its application in hospitals 
has already been suggested by eminent men. 

Control of Disease by Sanitary Agencies. — ^At a recent meeting of 
the Social Science Congress, Dr. Lankester, in a paper on public 
health, obsen-ed that '* disensc and death were most expensive Uiing;8 
to society, and when the death-rate rose above 30 in 1,000, that was a 
<leatli-ratc which could be controlled by human agency. This had 
been done in some large towns by proper attention to ventilation and 
drainage, and thus great benefits had been conferred upon all." 

Animal Charcoal in Vegetable Poisoning, — It is well known that the 
infusion of coflee, tannin, camphor, vinegar, acetate of lead, fatty 
oils, white of eggs, &c. have been proposed in succession as anti- 
dotes to j)lants, or their alkaloids, belonging to the family of the papa- 
veraceaj, and the solanacess. Now, Dr. Garrod prescril)es animal char- 
coal, which, in small quantities, neutralizes, or entirely destroys, the 
action upon the economy of the solutions of belladonna, of stramo- 
nium, and of hyoscyamus, provided that the antidote is administered 
before they are absorbed. Dr. Garrod cites, in the Bulletin <f« 77/^ 
rapetttique for 18o8, two cases where patients liad taken, by mistake, 
one GO centigrammes the other 10 p*ammes of belladonna, and were 
iniinediut(*]y cured by the use of animal charcoal. Again, he admin- 
isten'd to a dog a dose of aconite, which killed him promptly, while 
another dog of the same size, which had taken four times as much 
aconite, but mixed with animal charcoal, presented no symptom of 
pouoninfT, M, Garrod has remarked lV\;it ^kmvcwai nlvaxcAOwl^ funded or 
not, acts in tbe same manner « andt)baX'vc^jS&\a\A^<^'axQQ«^>^\i^^«»2i^ 
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trnrv. baa no efiect nhalerer npoa tbc action of tlicso poiaona. Ho 
alio bt?)iuTes that animal clumoal □cutrnlizL-s tbc Htupi'fj'ing aution of 
rln- fpgeuble alkaloiils, as quinine, elrj-c'hiiine. and morphine. 

Hhtmical Prteervation of Statues. — M. Dnlcmagnc, in a recent 
I'onununication to the FrcDch Academy, ia of the opinion, tliat coating 
■lAtuts, EsposL-d to thn almOEphcrc, with a solution of silica, is quil« 
iiillicieiit to Insure their preservation. In proof of this, ho ealb 
■ttvniion to the circumstance that certaio busts which were submitteil 
to liie procvsR oC rilieatizatioa ten years ago, are now in s state of 
perftct preservation ; while others of the same age, placed under the 
onlinary conditions of the atmosphcro, and even to which consldei^ 
able Bttuitioci had been paid, are now in a state of more or less marked 

Kaklinana on tht Culoriag Matertal ia MtneraU. — In the course of 
his new researches on the preservation of [natcrlaU employed in 
building and omainent^Uon, tnia able investigator has availed Liiusclf 
of the now methods of analysis by the spectnirn, with modifications. 
lie expresses his belief that be has placed in the hands of ehemLfts a 
sun>, simple, expeditious, and safe method of analysing the lor;^Bt 
part of the siticious stones and a greatnumber of natural and artificial 
silicates ; and that be has put investigators in the right way of finding 
Hill the true cause of the color of certain atones ; and Rnally, that be 
hxn opened up a new field of research in spectral experimentation, in 
analyzing by the gaseous way those minerals whose character so niach 
depends an the natmv of the solvent engaged in their formation. 

Coloring Matter of the EmeroW.— M. Lewy in ISfilit assertud that 
the coloring matter of the emerald was organic and destroyed by heat, 
llecent researches by M. M. Wohter and Rose seem to show, how- 
ever, that the color is due to oxyd of chromium. They kept an ctn- 
■■rald at the temperature of melted copper for an bour, and found that, 
nltboudi tbc stone became opaque, the color was not affected. They 
fused, however, some colorless glass with an exceedingly small quan- 
tity of oxyd of chromium, and produccil a color oxaclly like that of 
the emerald, They therefore considered tliis substance tho coloring 
agent, without, however, denying the presence of some orgamo 
tiiattcr, 

A neiB Method of Extracting Qald from Atiriferoaa t^iiartx, so 
OS to obviate tho necessity of employing mercury. — which u both cx- 
ji'riiiiive and ve:7 ileleterious,— jias been suggested by Prof. Crat-o 
( 'alvert. Findlnn that gold, though but slowly acted on by a solu- 
tion of chlorine, w readily dissolved by that agent as it is liberated 
fniTn itK other combinations, or as in a nascent Htate. Mr. Calvert sug- 
gests that the auriferous quarts should be acted on by hydrochloriiie 
u;ii] peroxide of manganese, when the gold is readily and completely 
■ilssolvud, and is. alter the separation of any copper that may be 
jircsent, afterwards precipitated in a metallic form by a solution of 
prittosulphate of iron (the green copperas of commerc^, 

Xeo) Method nf Detecting PoUoius in the Animal Economy. — Dr. 
Maebaltec, in a paper presented to the British Association on the use 
of tho new process of dxalj'sis for the detection ot ^isoiw, sttsjoatad 
tlijt the ttoiaach or intemaea of an animal avui^eiAc& al.W(\vi^\>«K& 
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jKii.'4'inofl hy anj siilij^toncc capable of bcin^ dialrsed, mij^ be waAt 
in a''t a** tbVir own flialysi^rs, l>y simply tying t!xe opoaiiips m> asto 
H<Tiiri-!y *.'nr-I(js<.' their content.-*, and t!ien pluojiiDg tDcm int43 a vc»- 
i»i'! of wjter for j*omc boiirs, when the cr)'stalUne poison, *acli as 
ftrb<*nir or stryrhnine, would dlalyse out, and could be readily de- 
tected in the external fluid. 

DYALTSIS. 

Tlio application of the rcscanrhes of Prof. Graham (see Annutl Sci 
/>/>. \Hi)2, p. VJ7), respecting the diiTusion of liquids to the purposes 
of ])ractical chemistry and the arts of civilization, offers one of the' 
inrij<t int<*rcstinjr examples of the eventual tendency of even the nioit 
ali.^tract Hcicntilic investiprations to lx.'comc practical, and so to aid in 
proinotin;]^ tlic comfort and welfare of mankind. It is almost impossible 
to i:na^ne a subject offerinp: apparently less practical advanta<^s tkiii 
do(>H the admixture of two liquids with each other, and yet from the 
ri;i:on)UH and scientific investigation of the phenomena of their mutual 
difTiision, and the laws whicli regulate its oi)eration, has sprung a new 
method of analvMii), which promises to revolutionize a very large num- 
iM'r of cbemical oi)erations, and to introduce new methods of mana- 
fa<-ture into the arts that will entirely subvert many existing processes. 

The Hubjeet is so int(*resting and so novel in its practical bearings, 
that it is desirable to trace its gradual development from an abstract 
scientifie truth to its present useful applications. 

Mr. (irabam's first experiments on the diiTusion of liquids wore 
made by means of what be tenns phial diffusion, and they were per- 
formecl as foUows : Solutions of dilferent salts, whose diffusive powers 
wen; to be exaniintsl, were prepared of equal strength, and phiab of 
exactly the Haini* size and shape were filled witli these solutions, and 
then pla<*ed s(;parately under the surface of water contained in much 
larger ves.s(?ls, the mouths of the phials being left open. Under these 
circMimstances it was found that a certain proportion of the heavy 
solution contained in the pbial rose in opposition to the attraction of 
gravitation, and iningli;d with the water by which the phial was sur- 
round(>d. In the case of colore<l solutions, this diiTusion was visible 
to t\u*. eye, and in others it was capable of being proved by analysis. 
It was found, however, that the solutions of diifercnt bodies diffused 
tlieniselves with ver)' dlflferent degrees of velocity. Thus common 
salt (liiTused with twh*e the rapidity of Epsom salts or sugar. These, 
again, are doubly as diifusive as a solution of gum; and albumen, or 
wbitt^ of v*ri:^, m its tuni, does not possess J of the diffusive power of 
gum, nor scan*ely more than ^^ of that of common salt. 

These experiments were varied in dilferent modes, bv allowing 
tlu^ diffusion to take place under slightly varying contiitions, bat 
tilt! same gtmeral results were obtained. The laws de<luced from these 
pbeiioiiKMia are, that crystalline bodies — such as salt, sugar, niter, 
etc., — are much more readily difTusi!)le than those that are amorphous, 
Kutli JH gum, gelatin, allmmen, solution of starch, or any substances 
tliat enter into eoinbination with water in the same manner as tlie first- 
named bodies. 

Ili'nce, with reference to t\\\a auV^ecV, ^Vt . CkraXx^ta ^xtxtv^jj^ v^n« 
ecif iijto two groups: t\\os<i cryfttaXVvtv^i \v\ \i\v;«;xsi\.vix ;M^\ x^a.5c\^ 
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tnffiisiblc In water he t«mut en/stalloidt ; dic> solution of ihcsoisalv.'Lys 
'■ ■ ■■ from gummiiiffls or viBt'ocity, it sapid, poMCsaing in a hi^iii>r or 
■ wi-r Je",Tei.' (lie powur of affufting the nerves of taste. The other 
t '..Lrts, wLusi; diffusive power ia low, he distioguiBbtw as coltoiils, liu- 
luusi:! gelatin or glue (colic) may be taken as their type. The moIu- 
tiona uf these tubstanc:eB liave no disposition to crrystallixe, and in 
the solid Torm thc^ do not poraess llat surfa(.«s, such as charactcrixe 
crystals, but exhibit an irregular roundness of outline. Their solu- 
tions are alwavs f>ummy when mueentnited, and what is strikin^ily 
remarkable, tliey are all insipid or wholly tastvless. In the inoiat 
condition ihey are liable to undergo great changes, and solutions of 
thi:m in a state of purity cannot be preserved uoalt«red for any lungth 
■ of time. 

A solution of a colloid body, such as gelatin, is found to offer 
■carrel^ any knpedhnent to the diffusion of s crj-stalloid througliout 
its entire mass. This diffusion will also take place through an^ soft 
■olid with almost equal rapidity ; a very litmiliar example of this fact 
. is shown in the proi-eaa of aaltmg meat, in which case the rajildly dif- 
fiuible crystalliEuble sea-salt penetrates to the interior of the itesh, 
which is a combination of different colloid bodies, such as fibrin, albu- 
men, gelatin, etc. 

Upon the fact that cr^'italloid bodies possess the power of diffusing 
thonsvlves through soft ablids depends the operation known as dinly- 
iris. and the construction of the iu^ttrument called the dialyger. This 
ciinatHta simply of a tambourine-shaped frame of gutta-percha, over 
which ii tighlly stretched a piece of |^rchment pa^r, which completes 
tbe resemblance to that musical instrument. This parchment iiaper 
ill quite impcrrioos to water, so that no passa^ oi fluid similar to 
hltralion can lAkc place through it. If the dialyser be floated od 
ihe surface of pure water, and a mixed solution of a crystalloid and a 
(^lloid body be poured into it, the process termed dialysis immedi- 
ately commences ; all the crystidloid matter passes tbrouj^h the parch- 
ment paper into the water, ontl the colloid matter remains behind in 
Ihe dialyser. As an instance of iti action, let ux sirppose a mixt»d 
solution ol' sugar and gum to be poured into tbe dialyser, when the 
sugar passes iKrongh into the water below, and lie gum remains be- 
hind in a iiure fomi. If a mbiture of the beautiful aniline dye known 
as in««enttt, and some burnt sugar or caramel be employed, the pass- 
age of the magenta into the pare water is readily observed, the dark- 
brown uncrystallizablo colloid caramel remaining in the dialyser. 

Other facts of great interest have been discovered as the results of 
tlicso investigations. Thus it is fonnd that by means of dialysis, 
we may obtain pure in solution many substances hitherto regarded as 
lieiii^ perfectly insoluble. Amongst these ma)' be mentioned silica, 
alutnina, Prussian blue, peroxyd of iron, stannic acid, and numerous 
other bodies of a simiUr character. 

For example, if a solution of soluble glass, which is formed by fus- 
int( silica with an excess of soda, be taken and acidilicd with hydro- 
chloric acid, the acid unites witb tbe soda, fonuin^ common salt, or 
chloride of sodium, the silica remaining for some time dissolved in a 
gelatinoia or calhid farm, mixed with tUo solulion ot tli% tWoridia of 
Modhun, It, boytevet, tiiia mi:tturB uf gelUuuiaa at^i:*t aii\ wm^^. 
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■kit be placed in tbe dialyacr, the salt npidlj diffuse* iucif into (hf 
yiMuT in tiie outer vessel, aiid tbe lolution of pure tilic* in water 
rcmaius in tUc diaijter. TLis aolation is found ut lure a fi.-vblv acid 
reaction on ten paper, but not to the tutc, as, being a colloid, it can- 
not pxst througt [be membrane of tbe tongue bo u to aSmx the 
itiTvcaaf taBtu. The eolutionofslliea remaiiut for some tiine pcrfectlv 
limpid, but eventually seta into a linn jctlf. This slteratitm nuj be 
brought about immediately by tbe presence of several substanms, par- 
timlarlv by any earthy carbonate such aa cfaalk. This solutiiia of 
pure siCica possesses remarlLable properties; it is absorbed bygelalin- 
ouj tissues Hueh as tbe iltin of animals, in the same manrrn- as tannin ; 
and like it eonverts them into a kind of leather, which possesses tlw 
rcui^rkable property of nut putrelying when kept raoist. In the 
aame manner a solution of pure peroxyd of iron may be obtained, by 
first dissolving excess of the hytlntted oiyd in hydrochloric acid, 
and then dialysinc, when a colloid solution of oxyd of iron rem«ns, 
that is capable of being gelatinised Ube the silica. Prussiaa blaa. 
which ii insoluble in pure water, is capable when roccutly prceipi- 
tated, of being dissolved by tbe aid of gentle beat in a solution oT^II 
ol'its wcigfat of oxalic acid, when it forms the well-known pemutt^H 
blue ink. If such a solution be dialysed. the Prussian blue is, in^^| 
course uf a few days, obtained in a sulutioa in pure water, siul i^^| 
be rendered gobtiuous by the addition of sulphate of zinc and hvmB 
other metallic salts, as the solution of silica is gelaliuixed by tbcadil^^ 
tion of carbonate of lime. 

Such arc a few of the many examples of these remarkable phenom- 
ena. Tbej; are as yd of too recent discover)' to have been applied lu 
many practical purposes but a va«t number of applications at once j 
Bug)>eat tlicmsefves. In cases of the suspected poisomng uf article* I 
of ftiod, the poison, if a crj-stoltoid substance like arsenic, can be | 
readily dialysed and obtained in a pure form, however belerugcneoni | 
may be tlie mixture in which it is contolneil. Dyeing will be greatly I 
faeititoted by steeping a fabric lu a pure solution of some colloid dye, 
which will anitewith the animal or vegetable fibre as it gelatinixcs. 

The [Hirification of many dniea and the separation of different enb- 
Btoneeti In the chemical arts will be rendered mucli easier than liercto- 
foro. In fact, there appears scarcely a limit to the apulication of tlii* 
principle. Already, disiysis has thrown light upon obscure points in 
(reulog]^, such as the formation of lliuts and other silicious faasilt, aiiJ 
It promises cijually to bonelit physiological research. In fact, humbls 
and inconspicuous as its phenomena niny appear at first sight, it u 
probabk' that, in its influeix'u on science and art, it wiU greatly sor- 
piuis any dueoveiy of lotu years. 
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The importance and marvellous character of the discoveries effected during the 
pant year through the new method of*' spectrum analysis,'* warrants their cluHsifi- 
Mtiou into an iadependeat seccion i.i t'lis yearly record or soieatilic discovery. 

THE MOST RECENT DISCOVERIES BY SPECTRUM ANALYSIS. 

In the previous voluiiies of the Anmial of Scientific Discovery^ 
^1862 ; '63 ; '64; ;) the progress of discovery effected through the beau- 
tiful process of ** spectrum analysis " has been detailed at considera^ 
ble length ; and in the volume for 1864, particular mention was made 
of the results arrived at by Messrs Huggins and Miller of England, 
in their examination of the sun and certam of the fixed stars. These 
tAVO gentlemen, have, during the past year, continued their researches, 
and have announced a series of discoveries of the most extraordinary 
and interesting character. These discoveries may be classified under 
three heads, viz : Those relating to the Planetary Spectra ; to the 
Fixed Stars ; and to the Spectra of Nebulae.* 

The apparatus used by Messrs. Huggins and Miller is of the most 
ingenious and beautiful character. Without going into a detailed 
description of it, it may be sufficient to say, that, in order to concen- 
trate the light of such faint bodies as the stars, before admitting it 
into a prism,. or series of prisms for refraction and dispersion in order 
to form a spectrum, a telescope of large size is indispensable to the 
observer. The telescope used by Messrs. Huggins and Miller has an 
object-glass of eight inches aperture and ten feet focal length, and 
was originally made by JMr. Alvan Clark of Massachusetts, for the Rev. 
W. Dawes, the well-known English astronomer. Furthermore, as a 
star forms only a point of light in the focus of an object-glass, this 
light would be drawn out by the prisms with a fine fine of colored 
light, without sufficient breadth for affording observation of the fine 
lines crossing it. Some method of expanding this point of li^bt (and 
in one direction only, so as to prevent unnecessary loss of light) to 
give the required breadth to the spectrum is therefore needed, and 
this has been effected by the employment of a cyhndrical lens ; and 
the light thus spread out, is then resolved by the highly refracting 
prisms, into a spectral image. It has been also ascertained, that the 
adaptation of a small prism to the slit of the spectroscope enables the 
spectrum of one substance to be superposed over that of another sub- 
stance ; but when it was desired, as it was absolutely necessary to do, 
to compare the spe;jtru;n afforded by the reUcctcd light of the planet 

* For the detail of those di8'*ovcrio9, vro are ra duly indebtei to a report published 
In the InteUectiuU Ohserrer, fiOid)!!, Jiinuary, Hi!j5^ by TVxovsitv^ NN . liwrc^^f vVv» 
A. a, with the conoarrcacc oi JIi*. tluj^iad. 
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with tlie spectrum givon bv absolute Huiiliglil, tlie difBculty of com- 
pdrin^ tbe lines ia the light rvQcctud from a planet, visible onlv tl, 
iiighc irith those in the light of the sun, visible only during the day, 
haci to be overeomc. And tliis was aceoraplished by comparing the 
sunlight reflected down from the atmosphere aller sunset with the 
light of the phtnet when it first Imcaine visible. In this wny, the lincj 
in the spectra nf the different planets have been compared with the 
principsJ lines of the salar spectrum, and with those produoeil in the 
solar spectrum by the absorptive action of tbe earth's atmosphere. 

ObserralioiiM ea the Mooit and the Planets. — line iif [he Brat que«- 
tions wliinh presented itself lo Ihe minds of the nb-ien'cr», wns to te*l 
the existence or not of nn ntmosphere lo our uiellite. the miwn. Oa 
all astrunomicol grounds ihe evidence of no apprecbble atmosphers 
ii very strong) but there are other points connected with the subJMt 
which have a little cnntrary tendency. It is clear thnt the sun's ligbt, 
reflecied from the lunar surface, mu"t pass twice throuj-h tbe thieli- 
tiess of any atmosphere the moon miiy have before re.iclii'ig ui, and 
judging by the eH'ecIa of the mys of the sun, when at a low oititude. 
traversing a length of our own attno^phere, aoy lines due to its eiistenee 
should be readily seen. With this view the spectrum of the monn wu 
carefully examined on many occasions, and while it presentetl a prrfi'ci 
accordance with the solnr spectrum, and its principal hues, notliiii<r cuiifii 
be Iniced that was indicative of a gaseous envelop about the moon, ntid 
the evidence of spectrum analysis luny therefore be added to the other 
reasons fur bi^Uevmg that the moon, at any rate on the aide presented 
to our view, has little or no atmosphere. 

The planers, shining equally by light reflecled fram the sun, exhibit 
numerous phenomena indicating the eiistence of atmosphere', of wbieh 
the varying belts of Jupiter and Saturn, and the diminution of light at tb« 
edges of these planets, nnd Mara, ond Venus, may be mentioned. The 
snow and ice of Mars also c mid only be produced by a gaseous envelop 
like mir own. The enammntion of the spectra of the plinets, by Meam. 
Huggins and Miller, has however proved, in the^r^ place, that tW 
ploaeiar^' light, as has always been assumed by modem astronomers, is !•■ 
fleeted hght from the aun, the prindjial lines of the solar spectrum bring 
easily identified in the spectra of the planets) and secondlg, it hoa pMa 
us some verj' interesting information respecting the existence and choroctn 
of the nlaneiarj' stmoapheres. Thus, in addition to the chamcteiwtic 
liiiet ot the Boltrsjiectrum, there were observed in tlie plnnelurj speetrj. 
vniious new lines, niditvitivc of the presence, in greater or less quantity, 
of substances which abvorb certain lines of light. And tiiene substaaces, 
Messrs. Huggins ond Miller are inclined to think, are indicative of dis- 
tinctive features of the planetary atmospheres. It should here be si " 
that the snectni of the platiet.i are not easily rendered capable of a 
illation. The liuht of a jilanet eoiiBiats of a ixiriion of the raya n'- 
fr>im a disc, and a portion only of the light reflected from it tbi 
passes through the slit of the spectroscope, and the ejiectrum is often ^ 
ceedingly tiint ; while the star, being a Jumboui point, the whole rffl 

Tight pMsea in to form the spectrum. | 

Id the cose of the planet Jupiter, (,\veV\^V wNwAsl covoei to oafaoak I 
' 4w body was originally lite the UctiL w\ac\i i^omcs KvcoiA. Va <g&\^L 
tA>re it reaches us it haa passeii toOM^ >iio Mmoa^\«.T« vK. 1« '" 
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twire and oar own fthnoipbere oncp; and thus any abitorptivp mfla- 
■■nep in the atmoanhcrea of tlie planet and of our earth would be con- 
fi-li-mblp. Bat the light rellected from the sky whun the sun is jiirt 
l"?low ihi! horizon, having to travcmo a very raurh (^al<T stratum of 
till- oartb'g atmosphere of high density, necessarily would esperien(« 
1 greater abaoTpaon than the light wliich reaches us through the com- 
I jttntively thin atratuni of the earth's atmosphere intenioscd hetween 
■^e observer and the planet ; unless, tbcrefore, the planetarj' atraos- 
bere pxerted an absorbent action, all the lines due to the action of 
■ earth's atmosphere should, in the light from Jupiter, appear 
The results of examination showed tlial Borae were really 
. some of equal intensity, white one was much stronger; thus 
NuUtsting, that some of the gases which compose the atmosphere nf 
Jnpfter ore the same as those which constitute the enrtb's atinoaphurc, 
1 bat poasiblv existing in different pro|iurtionB. The atmosphere of 
" IS also founif to absorb certain ravs in llio blue end of the 

a in a cpeHal manner ; and the loss of these is not dup, more- 
mere diminution of light, but is of such a diameter as to 
e it to be due to some gaseous absorptive maieiial. 
With regard to Venus, although as imght be exneeted the spec- 
[rum waj of great beauty, and the principal lint's or the solar sjwc- 
trnm were Well shown, no speeilic atmospheric linos could be truced. 

llie analysis by the prism of the lij^itof the planets, nliilc it largely 
" ' IS the astronomical doctrine of their poBSHSMug extensive atmos- 
, may, pcriiaps, be thought less conclusive than might have 
O expected, but, on the other hand, it should be remembered that, 
' ""« exception of Mars, telescopic observation shows that we are 
{ not directly at the bodies of the planets, but at masses of 
d mnnndttd in their atmospheres, and reflecting the sun's light to 
1^ and therefore such light has passed throagh but a tcit small and 
'teficd portion of such atmospheres, instep of through the lower 
d denser portions, which we know in the case of our own aerial cov- 
(ring, to be the principal source of the specific atmospheric lines. 

r*< Fired 8/ar$. — Striking as are the. results obtained by speo- 
imm analysis when applied to the sun, moon, and planets, thny sink 
into insignificance when compared with the revelations sifurded us of 
till! oonstltutioii of those distant bodies, the stirs, and the li^t which 
i> thus tiirown upon their structure is conclusive as to their bejng of 
tlHS aame nature as our own sun; a result which analogy had previnusly 
in<Ucated, but which had not been supported by any positive evidence. 
It njgbl be supposed that their distance oHbred insuperable obstacles 
to such an inquiry, but spectrum analysis knows no such limits, and a* 
long as we can obtdn light of an incandescent substance from a suit- 
able source, it matters not whether it exists within a few inches of tlio 
spectroscope, or at a distance of unnumbered miUions of miles, the 
nviult being etiually certain. 

Ttie difficulties of these observatioi 
ever, according to Messrs. Ituggins 
principnllj' from the extremely fL-w o 
— ■: — . _..i. J lurge ip-»">">»"' "■•" 
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s from other causes are, how- 
s and Miller, »cry great, arising 
accasions when telescopic obser- 
1 be carried on in England, on 

c changes. The amount of work 



arcouoi of tliG frciiufrnt atmosphei— _„..„—. 
June by Uiefe ^reatlemen during the pwt two ^Ctt,n, «Xftwtt^«.%rfc 
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it appears small in T|uftntity, is in n^nlilj <}uitc remarkable, anil hein 
toatuuony in a lilgli d«"ree to tlieir lit'Tolion nnd patience ar "~ — 
Reijucntie nf the Tew fine nightf BTailablc when a bIoi h ii .. , 
position, the mapping of spflctrum of a single star eompletely w 
occupy Gevcral jt'ars. 

In the spectra of all the brif;hler etars that have been exaTninc<l. I 
dark lines ajiirearto ho as numerous and oa fine as in the solar s' 



t lines. I' 
of die 
but aU 
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3 sufficiently bright to be observed are without lines, 
and therefore star differs from star only in the arrangement of die 
lines, and consequently in the elementary substances present ; but all 
the stars are constructed on one and the same plan. The uuiuberojl 
fixed stars observed by Messrs. Ilug^ina and Miller, amounls to nM 
50; but the ipectrum lines of only a fen have been mapped f 
any degree of completeness. Among these are Aldobar"' ' ' 
bnifht star designated as a in the constellation of Orion. 

Aldebaran is a star of a pale-red tint, and its spectrui ... _. 

lines in the orange, green, and blue. Wo shall proaently seethe siijnif- 
i'-auce of this (act. About 70 lines ireretestedasreEarda thiur coinci- 
dences with mclallic spectra, by direct comparison. Sixteen terrestrial 
dementi were thus made to present thdr characteristic bright L' 
above the dark ones of the star; and sodium, magnesium, hydrof 
calcium, iron, bismuth, tellurium, antimony, and mercury, ansv 
perfccdy to the test, and proved their existcuce in the atmospheni 4 
Aldebaran. Seven el(.>menl9, nitrogen, cobalt, tin, lead, cadmiua;^ 
lithium, and barium, gave negative evidence only. Indications of other 
elements were not wanting, but the observations of these fine lines 
were too fatiguing to the eye to bo pressed further. 

a Orionis has a very full spectrum. The light of the star Is orange, 
and the lines are thickest in the red, green, and blue. About 80 
lines have been measured and mapped, and 16 elementary substances 
testt-d for coincidence. With five of these, sodinni magnesium, 
calcium, iron, and bismuth, the connection is complete and c«r- 
t-un. Perhaps thallium also exists, but the line seen might be c 
ciiim, the apparatus not having dispersive power enough to sef 
the lines of the two raetals at that particular point. In iJie c . 
hydrogen, nitrogen, gold, cadmium, silver, menmry, barium, and B 
ium, coincidence was not proved. The absence of hydrogen in the. 
a ol this star and some others is a point of considerable in 
' s proscnRO ts eminently characteristic of the spectra o 
sun ana some 40 fixed stars, which have been examined. 
oluervation is, moreover, cspeciaUv valuable, since it proves iJiat ^ 
lines which indicate its presence belong to the atmosphere) 
lutniuous bodies themselves, and not, as might have been c. 
to our own atmosphere. 

Although a Tcrvoright star, the observations of Siriusai 

dJfBcalt. iromitslow altitude in this latitude, by which it is bra 
within the densest and most impure part of the atmosphere. So ' 
magneaium, hydrogen, anil probably iron, have been found by c 
[ deuces, and a photograph of the spectrum was obtained on wet 
dtoa, but owing to the combined difficulties of llic experiiueot, i 
*'- noDuldnot be trared in the picture. It is, however, believed tn *' 
s that further expcriiueuti will result in this important fl 




CKLESTUL CHEUI8TBT. 

tx'ing attjtiocil, and the Ikality which will then be affordiil of fom- 
parison of liic men* rcfranijible and less Itiminoiis parts of tbt- stellar 

Jra, when tliua 8clf-rcgisterud, widi cxiatiug metallic ubarts, must 
)vious. 
rcfnl (riraniinalion« »re also In progn>B3 of tr Lyrw (Vc;pi) ; Ca- 
; Arftunis; a Cygni; Rigel: u Andromcdic ;' Rtgiilus; (T Pu- 
■nd ntaaj others, from whii-ti moat interesting results may ba 
rated. 
Oiic of Uie most important and iDtorcgting deductions wbivh the 
observers, whose work we have bwin discussing, draw from tbcir 
trsnlls, is connei-'tcd with the origin of tbo colors of tbe stars. That 
there ia pt-at variety of tinta among these bodies is well known; 
whilo. yellow, and rcil stars arc tbc most frequent, whilst in double 
stars the rootrasted colors arc often green or uluo,* Xho source of 
the light of the stars, as well as of that of the snu, must be a solid or 
ti'juid body in a state of incandescence, as only such bodiea, when 
rsiaeil to a hich temperature, gi»c a continuous spectrum. In tho 
cue both of tlie Ban and stars, this continuous spectrum becomes 
rroased by dark bands, whicb aro produced by tbc absorbing power 
of tbe constituents held iu a vaporous form in the investing atmos- 
pLorea. These atmospheres vary in chemical constitution according 
to the elements composing the star, and should the dark lines pro- 
duced by Ibc absorptive power of the vapors TormiDg the stellar atnios- 
pbere. and whicb correniond to the brijiht Imes they would Turin in an 
lucoudcsrent state, be tbe strongest and mott numerous in the uioro 
refrangible portions of the spectrum, then tlie star would have a red 
or orange tint, because this part of the spectrum would suffer least 
abMirntion ; while, on the controrj', should tho red and yellow por- 
liuDs liave most lines, the blue and grcun ravs would predomiaate in 
tbc color of tbc star. Tbc frer]ueucy of the lines in tho orange, green, 
and blur of Aldebarnn's spectrum, previoiislv gtointcd out, is strongly 
in favor of this thcoiy, as the red is left little affected, and tbe other 
tint* arc subdued bv the dark lines, a Orionis has tho red, green, 
and blue rays much iliminished, which prudiicea the oran^ color of 
this star; and fi I'egosi, which much resembles a Orionis in its spec- 
trum, has a deep yeRow hue. In Sirius, wbicb is of a brilliant white, 
there are no lines suffidcntty intense in anr particular part of tlio 
apcctntm to interfere with our receiving tliO light in about tbe same 
proportion, as to the quantity of tbe different colored rays, to that 
which starts Irom tbe incandescent liglit-glvlng surlaco. 

It became a matter of great interest to test this theory with respect 
to the double stars, which present tho most marked diiR'fence tn color j 
but the faintnoas of tbe blue or green companions rendereil the obser- 
vations very difficult. Still, observations of j9 Cygni ajid u Ilerculia 
were obtained, whicb accord remarkably witli the thcoiy just pro- 
pounded. Tims, in the bright star of ^ Cygni, which is light orango 

fTbi! puimlnatloii of tli«8 doable itin. aids hr aldx, In the spnitroscopi-, it ■ 

maiur or Rrest rllfflcDKr, on acmuntar thi-Jr dlffbrvnocoTilicwiil liclit ; wbllr, 

Item tlKlr pro xlmity, lilt! i-xuiiitilng iniinuncul l> liable tu be ■umclitillj' rtli- 

■ ■rtb«»biiketmiiclflis.blQiit8ii. lOpalun.iortbL-oOKT outof lliii (klil uf vluw. 

1, 1> calnmi'ljr latlfului; (u tbu eye ou unwuut of ibvlr iJiffinaM la 
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in color, the blue aad green niys are full of lines, while the feir in 
tlic rciJ anil yclloir arc far apart ; in ita component, on the other band, 
wliii.'h is (Ii:ep blue, the rod and orannie paK of the spectrum ii full t>r 
gromis of lino lines that interfere withtliose rays and leave the bluecml. 
whiuhluu lines few and for bctwci;)!, as the dominant light orthest-ir. 
TheeolorBofthe components of a Ilerculis, whieh ore severally reddisJi 
and green, apjKtar to be produced in strict eonrurmity to tlic same 
bypiitbegis ; and although the theory cannot be conaldertiil m esial)- 
lisliud b; these instAnces, it must be regarded as exhibiting a hi^ 
degree of probability, while the »uigulftr variability in the color* of 
■tars at different times, which cannot fail to occur to our readers aa 
not at present explained, may yet prove to be capable of some eluci- 
dation by further investigations in the same direction. Of courw 
change in the chemical constitution of the investing atmosphere-s would 
be an obvious cause of change of color; but these latter changes ore 
too frequent and recur with too unvarying a regidarily at theltnown 
perioda, to admit of such an hypothesis. 

*"' ^ectrum obaervalions have aUo an important bearing on the 
' 'Is of tlie cosmical origin of tlie universe, as showing 

tnat ujc ciiJineuwry substances must have existed in dilTiircnt propoi^ 
tions at different points of the nebulous mass, otherwise by condensa- 
tion equal proportions of the elements, from the surrounding ^apor, 
would nave l>cen collected. There is here an analogy to the mannerin 
which tbe compoacnta of the earth's crust arc distributed. Some of 
the elements are widciv and universally diffused throughout animal. 
vegetable, and mineral matter ; while others, as the rarer mctala, oru 
accumulated at particular points, and whatever the reason of lhi« 
separation, the beuc&ts to tJic human race caused thereby arc many 
and obvious. 

The knowledge derived from these observations has induced Messrs. 
Hugpns and Uiller to indulge in some speculations, which arc lo 
legitiinatCi and so ably put forward by them in their report to the 
Riiyal Society, tliat we can not do better than ollow them lo eneak f^r 
themselves, especially as the report itself may not fall wilbia tlteringv 
of many of our readers, 

" Tbe closely marked connection, in eimilaritv of plan and mitde of 
operation, in tliose parts of the universe which lie withlu the range of 
ezpcrimenti and so of our more immediate knowledge, renders it not 
prcsutaptuous lo attempt to apply the process of reasoning ftvm 
analogy lo those parts of the universe which are more distant Iroin us. 

" Upon the earth we Bud that the innumerable individual rec|uiK- 
ments which are connected with the present state of terrestrial activity, 
are not met by a plan of operation distinct for each, but arc cOTectM 
in connection with the spcoial modifications of a general method, em- 
bracing a wide range of analogous phenomena. If we examine livtiy 
beings, the persistence of unity of plan observable amidst the ra-***— 
form varieties of special ad.Tptation of tlie vertebrate Ibrm of life 
be cited as an example of the unity ol operation referred to, * 
manner, the remarkably wide range of phenomena which ore 
be reciprocally interdependent and correlative of each othera bj 

— freat cxteiwion of onr knowledge in reference to the n 

ifTereut varieties of forces, and Uicir comiectiou wiibiii~' 
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motion, exbibits a BimlLir unity of opcradon amidst tbe clian^es of tlie 
bodies which have not life. 

**The obserrationa recorded in this report seem to affonl some 
proof that a ainular unity of operation extends throu;}[li tlu> universt' a.^ 
w as li^t enables us to have cognizance of material ubjcctd. For 
we may mfer that the stars, while differing:, the one from the othc*r, in 
the kinds of matter of which they consist, arc all constnicteil upon 
the same plan as our sun, and arc composed of matt^T identical, at 
least in part, with the materials of our system. 

"The differences which exist between the stars are of the lower or^ 
(2o* of differences oi particular adaptation^ or special iiiodifioation, 
and not di£Pcrences of the hiffher order of distinct plans of structure. 

*' There is, therefore, a probability that these stars, wliieh are anal- 
o^ons to our sun in structure, fulfil an analogous pur|)os(% and arc, 
like our sun, surrounded by planets, which they by their attractiun 
uphold, and by their radiation illuminate and energize. And if mat- 
ter identical with that upon the earth exist) in the stars, the same mat- 
ter would also probably be present in the planets genetically connected 
with them, as is the case in our solar system. 

" It is remarkable that the elements most widely diflTuscMl t1iron;;h 
the host of stars are some of those most closely connected witli the con- 
stitution of the living organisms of our globe, including hydrogen, 
sodium, magnesium, and iron. Of oxygen and nitrogen we conld 
scarcely hope to have any decisive indications, since these bodies 
have spectra of different orders.* These fonns of (4cinentary mat- 
ter, when influenced by heat, light, and chemical force, all of which 
we have certain knowledge, are radiated from the stars, afford some of 
the most important conditions which wc know to be indis^)en sable to tho 
existence of living organisms, such as tho.^e with which we are ac- 
quainted. On the whole, we believe that the foregoing spectrum ob- 
servations on the stars contribute something towards an experimental 
basis, on which a conclusion, hitherto hut a pure speculation, may 
rest, viz : that at least tlic brighter stars are, like our sun, upholding 
ami enei^zing centres of systems of worlds adapted to be the abode 
of living beings.^ 

Discoveries in Relation to the Nehnlce. — ^By far the most wonderful 
of the revelations of spectrum analysis applied to the heavenly bodies 
has yet to come. £ncoiu*aged by his success with the fixed star.^, Mr. 
Huggins resolved to apply this new and potent method of resi?ai\:h to 
the examination of those mysterious bodies, tlic Nebuhc, and this in- 
■ Tcstigation was rewanled by one of the most imi^ortant tliscoveries 
coimcA*ted with the physical constitution of those wonderful olyects, 
and with tho cosmical origin of the universe, which we venture to 
think has ever been made. From the time of Sir W. Ilerschel, 
who took up Mcssier^s scanty list of KKJ Xeljulaj, and inertrasod tliein 
to 2,500, tlirowing out at the same time the supposition that althou;r|i 
he had resolved nearly all those of Messier's list into clusters i>f stars, 
and discovered hundreds of other clusters, y(?t that there wiM-e numer- 
ous nebuliB which, from their being easily visible, and yet resi.stiiig 
every attempt by increased ai>crture or power to resolve them, must 

•That la, differ entirely at different temperatures auil pressures. 
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really (consist, not of stars or separate masses of eoittlenaed (olid ni 
ter, Imt of goswims or vaporous fluid. Uo was thcnca led to ' 
beautiful spuL-ulations whiuh, cnlai^;etl and illustrated hf Laj 
who showed tbe mathematical possibility of ami an aetion of coi 
sation as Sir W. llerjscbel required, have become widely know 
the ifebttlar hijpatheais, and as to the validity of wbicli, so niavh 
trovergy has been excited. We sU know, too, that of kt« ,vcaj- 
tendeacy of telescopic observation, as conducted by the ma^nuS'^vnt 
instrumrnta of Lorn Rosae, and corroborated by the splendid itebro- 
matic of Harvard University, has been ta reduee the nuabers uf iLo 
irresolvable iicbiilK ; and in particular tliot, aftvr the graaX. nebula ' 
Orion had, in pans at Icosit, been resolved, the general imprw" 
was that tbii neoular hypothesis liad lust all substantial evidence ' 
favor, and though it still toigbt be contended that the 
terns had such an origin, yet that examples of matter it 
form were not to be toimd in the heavens. Still, it must not b« ibr- 
gotten that Lord Rossc. while resolving many of the nebuUc, bail di»- 
covered others which resisted bis instrumetital jxiwcrs, and that to 
many clusters there were fantastic wispa of nebulous li^ht appeDded, 
and difiiisc patches of light attached, which defied resolution, lliou^ 
they were evidently conaevted with iho objects he prooDUOixid to M 
starry in construction. j 

Among the most wonderful of the nebulous bodies are those collef 
by Sir W. Herschel j/lanclanj nebula:. These present the appeaRtno^ 
of small discs of unifonn light, usually circular, and generally blue, 
orblutsh greea in color. They ore few in number and bright, looking, 
in the telescope with a low power, very much like stars out uf focus. 
Now it was apparent to Sir W. Uerschul that bodies like these, hav- 
ing no central condensation of light nor stellar nucleus, could not bo 
globular clusters of stars, which ueocssorily would be brighter in tb<! 
centre than at the edges. A cylinder form of stars seen ctidwaya 
might certainly prt'sent sucli an appeuranco, or ■ flat disc of sUn 
placed at right angles to our lino ot si^ht would also look like ' 
etory nebula ; but such forms are too improbable to detain w 
mcnt. Uc tbetvforc, come to the conduaioo that these were 
of truly nebulous or vapoiy matter in the primal form, and prei 
iug various stages of the process of coDdeosaiion, a lew poinu a 
light bein»visiblc in some, where a little solid or liquid had proba'' 
fomicd. This supposition, witli the addition that, at some distr 
from the surface the matter was sulBcIently condcnsod lo pr? 
light from behind penetrating it, was then etiCScieut to i 
the existence of a uniform planetary light-giving surface. 

Lord Kosse discovered an analog)- lietwccu the annular nebs 
and the planetary forms, increasing the number of the former fri 
two to seven, and showing that a nebula with a hollow center, iupt 
feetly seen iu telescopes of less aperture, might present tbe apne 
ancu of a planetary nebnla : but (ho ([Uestion remained one Of ^ 
treme dilhculty, when Mr. llug^ns, in the autumn of 1661, took ^ 
the subject and attempted to bi^ng analysis by the prisra to bear iir^ 
these remarkable bodies, wblc^i w^mwA 4 cVaas, »u,i gei«ri«, aiif' -* 
enifi- culirrlv differetit from Hie HVvnaiiitii.e4BVn.T*. 
~"\e apparatus used was esscntiaUj v\w soaw »a tia >!«:<* & 
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bat 'the C}|lu]drical lens was generally removed, since the nebulae pre- 
sent a visible disc instead of a point when in focus. The first object 
attacked was 37 H. IV. Draconis, which is described by Sir J. Her- 
flchel in his Litest catalogue as ** very bright; pretty small; with a 
▼cry small nucleus." Its color is greenish blue. Looked at with the 
telescope and si)ectnim apparatus, Mr. Hu<;gins was astonished to find 
no spectrum visible, but only one short line of light in the direction 
which tlie dark lines always occupy in the spectrum. At first he sus- 
pected derangement of the apparatus, but this being found in good 
order, it became apparent that this celestial body differed from all 
others that have been examined, not in degree, but absolutely in kind ; 
for its light was not composed of rays of different refrangibilities, but 
mostly of one monochromatic light only. Careful examination with 
a narrower slit detected a more refrangible, . but much fainter bright 
line, and at about three times the distance another still fainter was 
seen. The direct comparison of these lines with those of the solar 
spectrum viewed through the atmosphere * was then made, and it w s 
found that the brightest line corresponded with the strongest line due 
to nitrogen, and the faintest with one of the hydrogen lines, while the 
intermediate one was nearly, but not quite, coincident with a barium 
line. An excessively faint spectrum was also detected on both sides 
of the bright lines, which is, doubtless, due to the minute solid or 
liquid nudeus, and perhaps is crossed by botli lines. 

The significance of this discovery is invaluable. Terrestrial physics 
show us that only liquid and solid bodies give a continuous spectrum, 
while gases alone, when rendered luminous by heat, give out light which, 
adcr dispersion by the prism, is found to consist of certain degrees of 
refrangibility only, which appear as bright lines on a dark ground. 
Here there was clear and unimpeachable evidence, according to the 
present state of our knowledge, that large masses of gas exist ; and 
these may be the nebulous matter of Herschel and Laplace, which then 
is no fiction, and that we may yet fairly speculate on the process 
of the origin of worlds from such a primal form. But other nebulas 
were to be tested. A very similar planetary nebula (J? 6), in Taurus 
Poniatowski, when examined, gave precisely the same bright lines, 
with the merest suspicion of a faint spectrum. 73 II. IV. Cygni gave 
the same three bright lines, with a stronger continuous spectrum than 
the nebula in Draco. This nebuli has a distinct lith magnitude star 
in the middle, which evidently produces the continuous spectrum ; and 
this opinion was confirmed by a most crucial experiment. The cylin- 
drical lens being removed from the apparatus, it was found that the 
three bright lines still remained of considerable length, corresponding 
to the diameter of the telescopic image of the nebula, while the faint 
spectrum became a narrow line, showing that the object producing it 
was a point in the focus of the object-glass. 51 U. IV. Sagitarii is a 
fainter planetary nebula, and the two brighter lines were seen, and 
the third by glimpses. 1 H. IV. Acquarii had the three bright lines 
distinct and sharp, but the indications of the faint spectrum were mere 

* It should here be noted, that some of the lines crossing the solar-spectrum are 
due undoubtedly to the elements of our atmosphere« as oxyy^en, nitrogen, hydro- 
gen, &c. It was with the lines prodaeed by theso 8itmo%\>nstV& v^'BA^^aA«^ss&KSQ^ 
fiui^ the nelmla Unen wore compared. 
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iu?fpir:ion<. Tboazh Ln^bur than the LL«t t!u< Dc^mla proliablr cofr 
tain 4 %'f:rv' liule .zutttr iii tm: li-(-iM or >-j.ld lonn. 

•37 M. L}ne. liie ueJ-Ku ftrn r.n?ncUJii,v^'' a nnst intcrestineohjecL 
lu li^hl 1%'very paie, and the br?nte>t of the ihree line* W3» the only 
one distinct Jy M«n, ihe others bein*;, nerhips ;»;i!np^, but ro l^i-nt coo- 
tifiuofji ft[jectnjiii wbitever could be' detected. The brijrnt line was re- 
m Viuible, cotisUttn;; of two bnght ^ pots corresponding to «rclion» of the 
rin;;, with a very faint connectin;; Lne. Lord Rowe had jirevi .u4y seen 
mrtn nebulosity in the center of the ring than h^d been recognized h}' 
other oWrrers'; and the spectrum show^ that it is fuli of rare iie:mlou'« nut- 
ter. Another planetary nebula, 1 S H. IV., but which under a power of 600 
H distinctly annular, give a fourth excessively fnint line. The ia^t object 
which has bf^en ex imined was the celebrated D:inab-Bell Xebuli, 27 M. 
Vulpecuhc. The light of this body after prism itic an.ilysis remained con- 
oentrat'd in the strong bright Hue corre>ponding to th2t of nitrogen, no 
others being vi.Hibie, nor was there any trace of a faint continuous spectrum. 
Various |)ortions of this large nebula were tried, but the light, although 
different, in intensity, was always the s^ime in refningi()ilitv. 

So much for the positive evidence, that these nebulae have no resem- 
\Ainc': whatever to any thing like star*, or clusters of stars; and this testi- 
mony is corroborated by the negative evidence obtained in the examination 
of a numlicr of other bodies which are ml|)ahly of the clxss of clusters. 
For example, 9*2 M. Ilerculis, and 20 IV. Eridmi, both fine cl-jsters, 
gave continuous spectra as the stars do. 50 H. IV. Hcrculis thouj^h neb- 
ulous in the telescope, still produces a starn* spectrum, showin*^ its true 
cliaracter. 53 Andromeda;, which llerschel Jescril)es as a star wi:h h neb- 
ulous atmosphere, gave a star spectrum, but no bright lines ; and Lord 
JloHsc notes that he has looked at it eight times and seen no such atmos- 
phere, so that it is nrobably not a nebulous star at all. The eximination 
of the great nebula in Andnimeda is of much interest The brightest 
jKirt gave a ]).irtiul though continuous H{)ectrum, the light ceasing ain'upthr 
in the orange, and the companion 32 M. gave a similar spoctnim. It 
would ap|)ear, therefore, that these are really clusters at the enormous 
and almost inconceivable distances which must be necessary so to bhnd 
the light of their constituent stars. It is, however, also possible that they 
may Im; gaseous matter so full of condensed and opaque portions as to 
give a continuous spectrum. 

Mr Iluggins rem irks, "It is obvious that the nebula;, 37 II. IV., 
02r . 73 11. IV., 51 11. IV., 1 H. IV., 57 M.. 18 H. IV., and 27 
M., can no longer l)e regarded as aggregations of suns after the order 
to which our own sun and the fixed stars belong. We have in these ob- 
y*ctn to do no longer with a special modiKcation only of our own tyjje of 
Hiins, but find ourselves in the presence of objects possessing a distinct and 
IN>culiar plan of structure." 

** In pi ice of an Inc uidesccnt solid or liauid Ixxly transmitting light of all 

refrangibilities through an atmosphere whicji intercepts by absorption a 

certain number of them, such as our sun appears to be, we must probably 

•i(ard these objects, or at least their photo-surfaces, as enormous masses 

luminoiM gas or vajwr. For it is alone from matter in the gaseous 

ite that light, consisting of certain definite refrangibilities only, as is the 

»)¥ifh the light of these ncbulu), is known to be emitted." 

f|^^ tluuk QKif readers cannot fail to indorse this conclusion, and do 
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MBf oho tuu iludied the RuTijpct nnd ciimpTeliendi the extreme beauty 

Wtt the adiptnlions of B))eciro"poiiic a[)])firatus which are empbyed j the 

I delicacy xnil oire willi nhich the olinervntinii!! were mnde, and lli<^ cnucion 

dHpinyed in drawing conclii>.ioiiB only when the evidence is iirefmipihle, 

lull in>»i rrg-td the discovery of uuch nn nnalvnis of the true nature of 

Ujeie wrmderrul htKlies m one of the noblest iia<litionf> to our knowledge 

which haa recently been niaJe. The sjiecubtions to which the provrd ex- 

Ihtence of bodies of nuch enormous fize, and ermsintin;; appnrenUy of only 

^"*' — or four elenient.iry aubslBnces, will give rise, are, doubtless, nu- 

nsnd vsrtouHin the extreme. Ilia Ringulnr tliat only one out of 

il niu-o^n lines is Been, but Mr. HiiftRina baa aometimes obaeived 

a difference in ahar|meiu< between this and lome other bright nitrof^n 

GncH, which HuesestR ditlerenceB in the atnms radintin^ the light. Again, 

we find the Blars conlflining uumeroua elementary bodies ; can il be pos- 

I tible that, in the procena of condenxnlion and roollng from the eiior- 

' mnu*!y biph temperature which the nebula? mmt ponaeflEi, tranamutatinn 

of the "o-called elemenls mav tnke place? Modem chemisttry aavfl "No !" 

hut there are oecaaional indications that some of the so-cjlled elementary 

b'viies may yet Iw decomposed, or proved to \>e different forms of othera. 

'I'inie wiiich hna done to much will jet brin;; freah Bonders to liebt, and 

the powers of the spectrum aniilyais will lie yet further exerted in the 

elucidation of the pr(4'lcms of nhture. Enough for the present, that the 

well matured fipeculations of Herschel, and the mathematical theniry of 

I.nplncp, have been vindicnted from the doubt under which they have lien 

In boring, nnd the early nebulous condition of cuamlcd matter so nec- 

esKiry for Hlmost all geological reasoning, proved to demonatration by the 

labort of the oimerver who>e results we have detailed. 

Since theidiovp wna written, Mr. Huggina hna announced the discovery 
that the great nebula of Ori'in gives a spectrum indicative of gascily. This 
iiulance, added to tboiie of the King and Dumb-tiell Nebulic, shows that 
resohition into points of light can no longer be accepted as a proof of a 
nebula being a cluster of stars. 

THOL'GHTa OS THK ItKSULl'S OF SPECTIIUM ANALTSI3. 
If tho researches through spoi'tral analysis open to us in some de- 
gree the imrtaU of the infinitely vaat, it rwondufta ua by another 
route to the idea of unity in nature. In studying thu spectrum, we 
at prcKPHt rucof^ixe each simple Inxly held in suspcusion in the flame 
whow rays are decomposed oy the ghua prism ; but what is a simple 
boily which betrays its presents, not by one bright stripe alone, but 
by two. three, BOinctimes by 60 atripea ? In proportion as the sp«M> 
trum iniTGasee in distini'tncss, the number of luinuious stripes incrcaso* 
for each aubatancc; shall wo ever see Ihcm all? It may wi^ll be 
doi)bt«d. Here, thun, there is a multiplicity and indctcnninalcniMi 
which ftcuord but ill, it must be confessed, with the theoretic idew 
which wc entertain of s simple boily, a substance Dot com|ioandcd, 
always identical with itscir. mibatTatum of all chemical combinationa. 
Must wu admit, with aonio rcsolulo spirits, that tho bodies whiiih wa 
call simple, appear so to ns only liccause thus far we have not su&* . 
ceeded m dciumposing them ? Should we conclude that thu different | 
^nimplo bodies, if there ore really auch. arc butlbnncd of ur - ' "' ' 



A diflbrent states of uoudcusation 7 Wo Uuu lind uur* 
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Bt'lvcs sttMCtcd towards the uIpii of iinltv of siihplanco. Rm. liqiuji 
RoUds, raruura and pU'nnni, bodips and ci-lystial spices, satcllitei, 
piaDVtj, suns, fie., would liebat transiWry fonns of somelhiiiK cter-*" 
the qihcmeral images of somptliinf' which cjnnot change ; hi lUo 
tex of phenomena, in the etprnnl movprncnt of all aiibstanra!, 
cosmic history everywhere shows ua the future in the present, utd 
present in the future. — Beruc det dciix monda. 
OS THE THEORY AND APPLICATIOS OF SFECTKUM ANAt.TSIS. 






We copy from the TnJdheluai Obaerver (London), the ftillotrin^ 
remarks on the theory and applicntion of " spwlnim analysis," whidi 



I 



may assist our readers in obtaining a clear idea of the 
this diacoTcry. 

In the first place we would romied them, that a nolar spectrum, 
prismatic imt^e of the sun, eonsUu ofa ray of sunljirht. opened lil 
& fan, and spread out so as to exhibit exiiuisite graiiations of color, 
from rc<l at one end to violet at the other. If we attempt tu (umi a 
Bpectrum by allowing a broad mass of li»ht to fall upon a prism, we 
Bball only partially succeed. We shall indeed sec roiubuw coton. 
but they will be overlapped and confused. II". however, we penoit 
the light to reach the pnsm through a narrow hUe, and exclude tu- 
traneous rays, the confusion will be avoided, and a neat, well-defined, 
ribbon of parti-colored li^ht will be obtained, in which, aX certain 
intervals, dark lines will bo observed. These linos, which would 
appear to a casual observer as insignifleant as so luany thrcaiLt of a 
cobweb, are the hieroglyphic letters which the spectroacopist has to 
decipher, in accordance with the principle! explained in the articles 
to which we hove already made referenee. To Sir .1. Ileracltel be- 
longs the credit of Krst pointing out that as the spectra of iucAndcs- 
ceot volatilized substances differed from each otiicr, tboy migl;t Ik 
' « of for purposes of analysis. There are only two mode* ir 



which Huch spectra can differ from each other, or from the stilw niM^ 
tnim which may be taken as a standard. Either lluiy will ■SMia 
bright litiea in the place of dark lines, or dark lines in place i 



Wo have used the term liner, but when the breadth is 
erahle, tpwrt or btrndu is a Iwlter appellation. 

When a glass pnsm acts upon a rav of light bo as to kiti 

tnim, two distinirt actions take place. First, the light rsy is t\, 

or bent ont of its course ; secondly, it is opened or spread out Itt^™ 
fkn. This last action is called dCspmion, and, like refractickit, j 
■inount variui with the substance employed in the fonnatioa ofy 

For the dctoction of the metals and many other substaiices, ■ « 
minute examination of the spectnim is seldom required, as the ip 
or bands by which tlieir presence is indicated arc conspicuousljrit. 
by any instrument that will display the chief lines of the aolor ■] 
trnm. Thero are. however, many thoiiaanil finer lines that c 
discerned if a aulBcicnlly powerful and didicatc apparatus is eon^-, _ 
and many linen that appear single ucidcr ordinaty circumstUMJM ■ 
found to be multiple when examined with superior mcasB. i 

"^ The size and character of the sptftniBeopo should Im regnhni I 
woric required of it. A very small one, that eon bo coiiiod Jttm 
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il-pocket, will eervti to indjoalc the presence of the nio»t ehai» 
ni'Irrialic gubstirices. or to bIiow [o the traveler whether the atmoa- 
[>lii'iv— OS 18 uftoo the COM) of an allunioou and iu thundui^stona 
'T ' tihi-r — ilevulops any Maea of moderate tnagiiitudo that am not Kg' 
iil.irlv aiMia. A small spectroscopei bowuvcr, labors lander two obvi- 
"'i> liiiiitiiliuns: Its [irisin cannot luofiilly rvi'eive much light; otien- 
I -^ ihu slit too wide iutroduces confitsion, as just explaitiuil, and il« 
luiiglh inuat be proportioned to the size orrriBm, and conseiiaentlj' 
be rcslrictcil when a little otic ia cniploycil. Then the telescopei 
sUaclwd to u small spectroscope arc of small aperture and short focal 
loiixtb, with the consequent aisadvantsge of losing liglit, and being 
dcui'icnt in leparating power. So important is the siio and focu 
L-ogth of the telescope, that on apparatiisof four prisms and three-feet 
teleacopM cjibibit« more lines than one of nine prigms rumished with 
twi>-fm!t telescopes. The focal lenffth of the collimatin;; telescope do- 
tcnnines tbu apparent size of the sbt. If it is short, and the curves of 
"• ^laas considerable, the slit loolu wider, and alt the lines are spread. 
I Ilia afiiun wbcn noticed bj Mr. Browning, induced him to recom- 
r^ii'nd and apply tck'sinpes of much grcatertoi'ol length than had hith- 
I t'ti) Ihm.^11 ujud in spectroscope apparatus. The lirst retgulaitea for a 
licticr cxauiinaCion of spectra will then consist in a larger prism, with 
lcle9co|>cs of lai^er aperture and greater focal length. They collect 
mttrt! light, and are better able lo separate closely adjacent linea. 
The larger apparatus, ifequallv good in its corrections and adjust- 
ment, wdt show the colors Dngutcr, the lines sharper and much more 
numerous, and will separate or "reaolvo" more of the compound 
lines. It will also cive an intelliaible spectrum, with a quantity of 
li;^ht that a smaller instrument eonid not work with. 

For the traveller aud casual observer tlie small pocket form answers 
well. The chemist and physicist require, for many purposes, mora 
light, a wider dispersion, and a greater resolving or aeparating power. 
For ordinary laboratory use, none of thuse projierties are needed in 
cxM'sg ; and a single fine prism, with two large telescopes, is amply 
sufficient. With this instrument the entire spectrum can be displayed 
at once with a magnification of 30 or 40, and a lower nonitive eye- 
l)!^^, conveniently t'umished with cross wires, enables all the princi' 
jial lines in the darker part of the spectrum, aa well as in the more 
luminous, to be seen (bstinctly, and tlieir position noted down. This 
spectTDScopc, with one priam of tiO°, and telescopes of an inch and B 

rirter clear aperture, and about IS inches focal length, is decidedly 
liMt iu (|uality and form that has been produced to meet ordinuy 
requirements ; and, for common purposes, a mure elaborate and com- 
plicated apparatus is not necessary, and, inileed, would notalways be 
advantageous. The eye soon gets accustomed to the appearances of 
different spectra, an»l a momentary glance would sumco to show 
whether sodium, potassium, lithium, silver, etc., were atieeut or pres- 
ent. But it is necessary that the exact position of the lines or band* 
should be ascertained, and tlukt racana should be provided by wbidi 
exact diagrams may be made. Hitherto only superior instruments, 
beyond the reach of ordinarv students, have been lumiahed with these 
desidiTAla; but Mr. Brownin", an optician of I^ndon. has now anp- 
pliul them, iu a conveuieut form, aud at a very low price. One of 





■e Afarnhing morea over a gi 
I vernier. Anv line taken ■: 
■artin|;-point it brought into the centre of the Geld, to that it b 
porfwndicular, catting throngh the centre of the c 
wliich one eye-piceo is furruBhod. The telescope ti then dampedH 
the vernier read. Other lines are taken in anecession, and theireii 
angular ^tanee aseertained. When onir modcnite mccancj I 
needed in a dia-irain, a piece of paper con be ruled to a scale, t~ 
tbn lines laid down acixjnimjtly. Great nieety J; 
obtained in this way ; and Mr. Beckley, of tb'o Ken Obserratonr, I 
■ngj^^ted the plan of a " spectrograph," which Mr. Browning h 
csmrd out witli great skill. 

This instrument is com pc)<ed of acylindcrcapablcof bein^ mtalm). 
and fixed at any point. It carries a graduated scale exactly eorrc- 
sponding with the scale of the spectroscope, so that when the rn»a 
wires of the latter instrument intewwt a lioo, which when read off uii 
the vernier stands at, say 10°, the cylinder can be adjosted tu) that i 
delicate metal ruler iudicales the exact spot on which a line should tn 
drawn on a slip of paper which the cylinder carries. If the ncU lin<< 
ttrCe mapped uowq is 6° diatant from the first, the cylinder is movod 
aooordingly, the nder is again in its exact place, and the second hua 
is drawn as correctly as the first. Tliia inatmmcut thus enables dta> 
grams to be made with precision, and a hundred obscrven in difTeivnt 
parts of the world, furnished with speclroscopea and spectrogmph*, 
properly graduated, would be certain of producing diagranis c.tpahte 
of the eiact comparison tliat acienee neoda. The spectroscopes that 
can measure fractions of a minute can be furnished with apcctrvgrapha 
of proportionate delicacy. 

It is often advisable to have two spectra in the Geld at once in or- 
der that their discrcpancv or conformity may be ascertained by mem 
inspection. This ii elTected in a very simple way. Half the slii of 
the spectroscope is permitted to receive light from a source dit«ctly 
in front of it. The other half of the slit is covered by a smaU righli 
angled prism which prevents direct light getting in, but rcflecl« rr^ 
that reaui it at right-aniEles to tlio axis of the instrument. 

For special purposes it is necessary to view and measur 
ticm of the more delicate lines which the spectrum contains, and tl 
separate some which look single with ordinary means. It would 
fimt seem that the way to do ^s would be to employ more nugnifl 
tion. — to treat, in fact, the close lines as we do those on diatmna, i 
~ ■octicslly this plan only 
plans are adopted to M 
uviirthe difficulty, — the Hpectrom is made wider by greater tfMpen- 
— our ftn of light is sprcail out more ; aud t^'lescopes of large m, 
ture and greater focal length furuish tliu spectroscopist witii a gns 
resolving or separating power, the increase of mngnificotioB 1 
produced by the object-glasses instead of the eye-pieces. 

The r«ader will appreciate the (Uffercnce between mm , . 
aj)cctrum of given dispersion, by remembering our illustration of B. 
'an. l>ct a fan be opened, so Ihtit a. ^ot^ioti of the pattern pafailM 

I'U spokes IB poncenicdby ovei\B.-ppiti%. V. \» ■a\n\aM»''^-- " 

f toe fan in this stale can s»v« via \\f> "I'nSwcvBB.'inwi «» 
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^^Blt wludi h covered up. If we open tlie fan sljli more, the eonceal- 
■ n) parts will come into view. Thu eorreepoiida with the additioiul 
liisperBion that wo must give to a spectrum tliat lias been imperfectly 
iprcad out, ia order to see llio cutire pattern it can ahgw. 

To spread the light out wider, a. multiplicity or]>rism9 may he em- 
ployed. A spcctroscopa constructed fur Mr. Gaasiot of London, — 
iIh: Bnest instrumimt yet tiaiihod of its kind, — has nine prisms, about 
2j inches long, and two high, and was originally aupplicd with tclc- 
■i-opes of two inches aperture, and two teot focal length. Two freab 
tcJcscopea have recently been made for this instrument, of 2i inches . 
aperture, and three feet focal length. These abow many additional 
tines. With this intitruraout a very careful survey' and mapping of the 
spectrum is being carried on, and the results wdl, no doubt, be the 
most precise and complete information couceming the number and 

EMition of the dark liues that has yet been obtained. Tim size of the 
Msiot spectroscope enables it to give a briiiht image with a small 
allowance of Iigbt; but certain inquiries in wlui^b Mr. Iluggios is ea- 
gngod need a furtber extension of power In this direction, and Mr. 
Browning u constructjug for him a monster instruincut, with about 
halrtbe number of prisms on Mr. Gassiot's instnuneut; but then 
prisms fully double the size of Mr. Gasaiot's, and furnished with tele- 
scopes of four feet focal length, and proportionally large aperture. 
With this splendid and costly apparatus, — which has iiuitu novel and 
' IS for increasing the dispersion when deemed necessary,— 



In these two great spectroscopes tbc extra separation is produced 
by the multiplication of glass priHins, and when these are of line qual- 
ity and cxquisittily wrought, the definition is the sharpest that can be 
obtained. 

Different substances vary in theu- refractive and dispcislvc powers. 
Sir J. llerschel observes, " in general, hi(jh refractive is accom- 
panied by high dispersive power; but exceptions are cndlesa„ es^e- 
ciollv among the precious stones, of which the diamond alTords a sink- 
ing instance." 

If the two powers had always gone together, we could hare had nn 
adiromatic lenses ; but luipi>ily by sclcctmg different kinds of glass, 
aod netting them to opposite wurfe, we can correct all (or nearly all) 
Ihc error arising from dispersion, and only neutralize a portion of the 
refraction. When greater dispersive power is required in a prism 
than ordioaiy glass exerts, another kind of glass may be chosen, or 
> 1 .,.._.-_.- , i!i._ i.-...i_i.-3g of carbon, whir*- ~ — 



e may be liad to a liquid like bisulphide of carbon, which givea 
a Tcry wide spectrum. A lii^uid has the disadvantage that it cannot 
be maintalneu in the prismatic form except by putting it in a vossol 
of tbc required shape. Hollow prisms are accordingly made of thin 
glass, and filled with the fluid required. Mr. Browning has made a 
sjiectroscope of this kind fur Mr. Gassiot. It consists of eleven 
I'Hsms, with telescopes 2i inches aperture and tlirto feet focal length, 
' "" ' " ■ I separate the principal soila lines to the ciffint of 3* 
" iopftrating l\\citt V . T^i'&vi.'wiii '- 
uioria himpuiatun aiA ftKUoSi) \ 
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bocomea very bod as eoon a,) the htat wliiob aiH^tapanit^s tbp ligl 
or ariseH from any otlicr soun-c, has disturbed Its homoscnuuiif v] 
ter. This instnimcnt is deacribmi hf Mr. Gaaaiot in I'roctflin 
Ihf BiiytU Soeifty, No. 63. Tho pnsms &re fonn(!d v'uli « t«fr 
aojjle of ij0°, aail cooacqucDtly ci;;lit prisms, with the u 
mcDt, iTould " ciom a rov of light to trarul iDon! than a circle." 
order to empluy cluvcn, aIt. BrowiuQ^. instead of mabin^ Uic o< 
sides of each bullow pihmJJat, TonDed thcni of crown glaM n 
having a rolVactive angle ol^G'', tha andes being arnuigeil in tit 
traiy direction to those of the fluid pnsins. These eiJes take <JI vi 
^illlti of the diiiperaive poifer of tbo bisulphide, and enable 
priaiQs to bu emplwed. 

Tlie dispersive power oF glass or any other substance dencnds upon 
the different relran<Tibililv of the different mra that nutke up wtite 
lietit. A beam of white light contains an infinite number of rjys of 
■U hues, from red to violet (besidcn rays inviEible to nvui)- i^h 
ray lakes its own bend on pausing throngh the prism, and is tlitu 
mora or less separated from other rayg toat are bent in a diffenrut 
degree. ^Vlicn this dispersive process has completely sep:iral«il any 
rBy_ from its coaipaiiiona, passing it through another prism gin—' — 
reJ'racU it, without any action on its color. Bat ifa ray is ud[ 
icctly separated from adjacent rays in the scale, the further acCtOD q 
one or more prisms carries on tho work of separation until it ii 
plele. In a speclrum fonncd by Blight dispersion tho rod, j 
green, and blue are seen in bands that contrast strongly with e 
other. When the dispcr«on is more complete, the intennediate '' 
are innumerable, and one passes into the other by inBeiuible g 
tions. The artistic effect of a slightly dispersed spGctrum is a 
liant but violent contrast of dissunibw colors. That of the higj 
dispersed spectrum is a harmonious justapoeition of all the colors J 
the scale. 

As the human ear cannot bear all sounds, so the human eye c 
•ee all rays of light. There may be sounds too sharp, — consis^OK oT ~ 
vibrations too rapid, — for the ear to perceive them, and sunligbtku 
rays which must undergo a change before our e^-es can bring Uicm to 
a focus. Glass absorbs many orthesc rays, which are highly rolnnis> 
ible. Quartz trausmits them, and hence a prism of ttuit ntbtton ~ 
adds tliem to the spectrum which it funns. If such a spciilnna 
rocoivcd on a screen prepared with a substance called aaoMn, -" 
taiued from tho horse-chestnut, or with an alcoholic solution CUT i 

monium, they are sufficiently altered in refrangibility to ht^atOA 

ible, and a beautiful blue adilition lo tlie violet end of the spvatrumB 
seen. It is very difficult to find a large quartz erystaJ tlial can be 
into a good prism, but Mr. Gassiot obtainetl a splendid one ' 
Japan, aud Ur- Browning worked It into a prism of 00°, with " 
■ides. 

The different spcetroseopes to which we have alluded aw all 
struet43d upon the jirinciple of indirfcl vision. That is to sar, \ 
observer Joes not jioint the telcswpe slr.iight at the light hewiiW' 
tee. It reaehcs him round the comer through the rcl'ractioa ot 
prism. Tills plan is handy cnouaVi ("i fixtA a\i'(Ma\,\»,\iaX ■" 
exainiaatioa of the light that cornea Irouv fificmiw. y*v<tob» 
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or from radiating objects, a spectroscope of direct vision is prefer- 
able. Mr. Browning effects this by placing a dense flint glass prism 
of 60° between two prisms of light crown of 22®. Other opticians 
follow the same principle, with variations of detail. Such spectro- 
scopes act clearly, but they lose much of the dispersive power of the 
chief prism. In Browning's pattern the loss is about J. Although 
employed by Secchi and other observers, spectroscopes of this kind 
are by no means the best for astronomical research ; though amateurs^ 
who merely desire to see the principal lines which bright celestial 
objects afford, will probably find them adapted to their purpose. 

One of the most interesting branches of spectroscope inquiry is the 
absorption of certain portions of the spectrum by solutions. The fluid 
can be put in a test tube ; but for many of these experiments a priS' 
matic cell is better. This consists of a rectangular glass cell, one 
side of which is composed of a prism. When the solution to be ex- 
amined is put in the cell, it forms a fluid prism ; and if the glass 
prism and the solution prism correspond pretty closely in refractive 
power, one undoes the refractive work of the other, and thus light 
comes straight through the combination to the slit of the collimator. 

To view the spectra of gases, narrow tubes are employed, in which 
the 'gas, in a highly rarefied state, is rendered incandescent by the 
discharge of a Ruhmkorff's coil. 

ON THE OCCULTATION OF THE SPECTRUM OF A FIXED STAR. 

Mr. Huggins, in a recent communication to the Royal (Eng.) As- 
tronomical Society, remarked that while all observations hitherto 
negative the existence of an atmosphere to the moon, one had 
occurred to him, as not yet made, which might add to the evidence on 
the question. This was the disappearance of the spectrum of a star 
when occulted by the moon's limb. It appeared to him that if the 
moon possessed an atmosphere, it should show itself by producing 
absorption bands, and also by a ^adual fading of the spectrum instead 
of a sudden disappearance. He also thought that, supposing an 
atmosphei e highly charged with aqueous vapor, the red rays would be 
least affected, and that end of the spectrum would be last to go, while 
a clear but dense atmosphere would, by refraction, render the blue 
rays most persistent. He therefore adjusted his spectrum apparatus 
on the star e Piscium about three minutes before its occultation. lie 
could not speak positiveljy as to any extra lines being introduced by 
the moon's contact, the air not being in good condition, but certainly 
no part of the spectrum disappeared before the other, the obscuration 
occurring not in the direction of the length of the spectrum, but of 
its breadth, cutting off all the colors at the same time, and not by a 
process of fading, but as if an opaque screen had been slowly intro- 
duced, about ^ of a second being occupied in the occultation. This 
experiment, therefore, further corroborated the general impression of 
the absence of any appreciable lunar atmosphere. 
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OH THE HECENT PKOGBESS OF GEOLOOT. 
The following adilre.ia, reviewing the rcc 
Science, was road by Sir Charles Lyell, on 
Aeitt of the Britisli Association, for 1864 :- 

/"/iciioniena of Hot Spn'non, — Dr. Daubony, has remarked t _ 
nearlr all tho most celebrated hot springs of Europe, snrh ns tfaiM. 
ol Aix-Ia-Cbapellc, Bailen-BaiUin. Naples, Aureme, and the Pj'iv 
nt«s, have not dcdined io tenipcraCure since the days of the BomaMH 
for many of them still retain as (;reat a heat as is tolerable to the ' ~ 
man body, and jvl when employed bv the ancients they do not m 
to have required to be first cooled down by artifii'Lnl means. TUm 
uniformity of temperature maintained in some plat-ee for more 
2',0C0 years, logelbcr irith the constancy in the volume of the n 
which never varies with the suosons, as in ordinary spriags, tin; idvn- 
titr tlso of the mineral injrredienU which, century aJ\cr century, are 
held by each spring in solution, am atriking facts, and they tempt ua 
irresistibly to B|ieculato on the deep iubtcrranesn suurees both of the 
heat and mineral matter. How long has this uniformity prevailed? 
Are the springis reallj ancient in reference to the earth's history, or, 
like the course of the present rivers and tlio actual sbapo of our bills 
and valleys, ore they only of high antiquity when contrasted with the 
brief space of human annal»? May they not be like Vesuvius and a 
Etna, which, although thoy have been ad<ling to their flanks, in AM 
cwurso of the lost 3,000 j-eors, many a stream of lava and shower iH 
ashes, wore still mountains very much the same as thev now are IM 
bight and dimensions from the earliest times to which wa att* 
trace back their exislvnce ? Yet altlioueh their foundations ore tent 
of thonsands of years old, they were laid at an era when the Uedi- 
terranean was already inhabited by the same species of marine 
M those with which it is now peopled ; so that these volcanoe 
be regarded as things of yesterday in the geological calendar. 

Nolwitlulonding the general persistency in character of n 
waters and hot springs ever since they were first known to us, i 
on inquiry that some few of them, even in historical times, hare b 
Biibject to great changes. These Iiavc happened during eatlhqna 
which have been violent enough to disturb Uie subterranean d 
and olteJT the shape of the fissures up which the wuliirs i 
duiing the great earthquake at Listion in lT5o, tlie tempera) 
the snriiij; callecl La Sourec do la Rcinc at, Ba^\^rcB du Lueh 
iAe JyrenecH, was suddenly misci as mwAiftaiy^., oTdaamL 
4 cold spring to one ol 12'2° V - , & VeaJ. viXivtb. "ft Niaa isuui wAisoi^- 
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ll Ik also neortlcil th.it the hct aprinst at Bagn<*rcs dc Bi;jorre, in 
Mr- Ramp inniiiitain-Fhaiii, Ijccbuii? KuddcDly cultl iliiring a grot earth' 
(junk? wliii-li, in 16(j0, throw rlown aiTur.il hotisi's in that town, 

It kns been aacertaineJ that the hot sprin^.'s of the Pyi-uneos, the 
AI|». and manj other regions an; Bituati'd in lines almig whiili tJio 
nx'^ti hare been runt, aail uaiinllf where they have been displaced 
or " faulted." Similar dislocations in the solid crust of Ihu earth are 
^oi-rallr euppoBt-d to have determined the spotii where aetivc and ex- 
linct Tolcanoea have burst (brth; Ibr several of these often afle<4 k 
linear urangement, tboir position sccining to have been dettrrmincd 
by great lines of Qssure. Another eonnecting link bi^twecn the vol- 
cano and the hot spring is roeognizable in the (;rcat abundance of hot 
tpnaga in reKiona where volcanic eruptions still oucur fkim time to 
tuae. It ii aUo in the same dtstriets that the waters occasionally at- 
tain the boiling tanpereture, while' Bome of the associated stufai 
emit steam considerably above the boiling point. liut in proportion 
as we recede from the frreat centers of igneons activity, wu Gnd the 
thimtuil waters decreasing in frequency and in tJieir average heat, 
while at the same time they arc most conspicuous in those territories 
where, as in Central Franco or the Eifel in Germany, there are coiiea 
aiid craters still no nerfect in their form, and streams of lava bearing 
such a relation to the depth and shape of the existing valleys as to 
iodicale that the eternal hres have become dormant in comparatively 
recent times. If there be esceptions to this rule, it is where h(i 
apring* are met with in parts of the Alps and Pyrenees which have 
Men violently convulsed by modem earthquakes. 

To pursue sliU furtlier our comparison between the hot spring and 
tlio volcano, we may regard the water of the sprine; as representing 
those vast clouds of aijuuous vapor which are copiously evolved for 
days, Komvtiuies for weeks, in succession, fmrn crateni during an 
eruption. But we. shall perhaps be asked whether, when we contrast 
the work done by the two agents in question, there is not a marked 
fiuluro of analogy in one respect, — mtmely, a want, tn the case of the 
hot spring, of power to raise irom great depths in the earth volumin- 
oua masses of solid matter corresponding to the bcapi; of Bixiriie and 
■treoms of lava which tlie volcano pours out on the Burfaee. To one 
who urges such an objection, it may be said that the qnantity of solid 
a* well as gaseous matter transferred liy springs from the interior of 
the earth to its surface, is far more considerable than is commonly 
imagined. The thermal waters of Bath are far from being conspicu- 
ous among European hot springs for the quantity of mineral matter 
contained in them in proportion to the water whiL'h acts as a solvent ; 
yet Prof. Ramsav lias calculated that if the sulphates of lime and of 
aoda, aud the chtiirides of sodium and magnesium, and the other min- 
eral ingredients which they contain, wore solidi6ed, they wonid form 
in emu year a square eolnmn nine feel in diameter, and no less than 
1 MO feet in hight. All this matter is now qiiletly conveyed by a stream 
k tt- limpid water, in on invisible forra, to the Avon, and by the Avon 
the sea ; but if, instead of being tJius rcoiovcd, it were deposited 
round the orifice of eruption, like the silicious layers which encrust 
W cineuJar basiu of an Icelandic geyser, wu iWiuV^ viun w^u il vutv- 
i—f-iecoae built up, with acratcr in lWnvii\t\\c\ asii'i "iJMi wSJiM 
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of the apring were inlf rmittont, so that 10 or 20 /cars shoiild tlnpM 
between the periods when eoli'l matter was emitted, or (»nv) an inliP 
Tal of thrco L-enturiufl, ju in the easa of Vesuvius bi-lwcen 130(! uid 
1631, the diaehar^e iroiild 1)6 on so grand n scale as to afFonl no nieu 
object of fompansoii with the intermitteiit outpouriugs of a VDlcanet 

The OatcM aalecd from Hot Spring*. — Dr. Djubenj, after devolir 
B month lo the nnnljas of the Bath waters in 1833, aiici-riaiiied that ll 
dailf eroludon of nitrogen gns amounted to no less tlum 250 euUe lee 
in volume. This gas, he remarks, is notonlj characlerislicof hot *pringi^ 
but is largely disen^gvd from vo!canic craters during erU|>tioiiK. In lirtH 
cases he suggests that the nitrogen may be derived from atmorpberic Kf« 
which is always dissolved in run-watfr, and which, when this w.iter pi 
crates the earth's crust, must be carried down lo ^reat depth*, m ft 
reach the heated interior. When ihere it may be sobjected to deoxydatinj, 
processes, so that the nitrogen, being left in a free stale, may be drivM' 
upwards by the expansive force of neat and steam, or by hjdrostitk 
pressure. This theory has been very generally adopted, as best "' 
counting for the conatunt disengagement of large bodies of nitrcgen, e 
where the rocki through which llie spring rises are crystalline and 
foHsilifrrous. It will, however, of coui*e be admilted, as Prof. Bisch'J 
has pointed out, that in some places organic matter lias supplied a largt 
part of the nitrogen evolved. 

Carbonic-acid gas is another of the volatilized substances dischftrged 
by the Balh waters. Dr. GutUiv BiM:hotf, in the new edition of his n' 
liable work on Chemioil and Ph> ideal Geology, when npcnking of tl 
exhalations of this gas, remarks that they are of universal occurrence, ai 
that they originate at great dejiths, becoming more oliuodunl the 
we penetrate. He also obE^erven that, when the silicates which t 
largely into the composition of the oldest rocks are jiercoUied by thil 
KLs, they mu!>t be continually decumposed, and the caritonates formed hf 
the new combinalions tiience arising must often augment the volume * 
the altered rooks. This iiicreise of bulk, he sn-s, mu t pometimes gi _ 
rise to a mechanical force of expansion capable of uplifting the incuiubenl 
cnist of the earth ; and the same fierce may act luierally s<> as to compiww 
dislocate, and tilt the strata on each side of a moss in u hich the new cheM 
ieal ehan^^es are developed. TbeoiloulalionBmadtby thiseniine: 
chemist, of the exuct amount of distention which the origin of m 
products may cause, by adding to the volume of ihe rocks, deswe ll 
atlrntion of geologists, as atfording them old in explaining those reitenui 
oscillations o( level, — those risingsand sinkings of land, — wbieli have o 
cured on so grand a scnie at succe!>ave prrioils of the (mbL There or 
probably, many distinct causes of cuch upnard, downward, and bteil 
movements, and any new suggestion on 1hi>> head is most weloomet bui 
belierc the expanM.m and oonimction of solid rocks, when they niealU 
natcly healed and cooled, and the fusion and subsequent consolidrition 
mineral masses, will continue to rank, as heretofore as the most inlluenti 
causes of such movements. 

The tcmpernture of the Balh waters varies in the different spring* to 
n7° to VM" F. This, sa before slated, is esccptionally high, wlien i 
duly allow for the great distance of Bnth from tlienenipsl region of acli 
or recently extinct volcinoea ond of violent eorthqiiakes. The hot •prin 
oT Aix-ld-Chapellu have a much higher Cemperjturc, viz : ISH" F., b 
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the; ve sitmled within 40 milcn of IhoM conn »nil kTa-streams of the 
Kifcl, which, thoup;h ihey mny bme upent their foice ngw before the 
eailicAl records of lii'tory, belunj;, nevcrcheleiia, tn the must modem ge- 
olngieal period. Buth in itbnul 40O milex diittant from Ihe sntne ]»i t of 
GernMny, and 440 Irotn Auvergnci — another volcanic renon, the latent 
eruptions of which were geologicilly coeval "nich tho«e of the EifcL I 
htte litil? doubt that ibe B;ith spring, like moil other thermal waters, 
m-irk the site of nome great convulsion Dnil fracture which took plnce in 
the cruit of the earth at some former iwriod, — [jevlmpB iiol a very remote 
cue, |^o1oj;ically speaking. 

Miiier<il CunaliturnU of Hot SpringM.—lt we adopt the theory 
aInMidy alluded to, that the nitrogen is derived from the deoyxdalion 
of atinoflphenc air carried down by rain-water, we may imagine the 
supply of this water to be fumished by some moDnliinous region, 
poBsibly X distant one, and that it descends through rents or porous 
rocks till it encounters some mass of heated matter by which it is con- 
verted into steam, and then driven upwards tliroiigh a fissure. In its 
downwani passage the water may derive its sulphate of lime, chloride 
of eak'ium, and other substances from the decomposition of the gy]^ 
teotw, saline, calcareous, and other constituents of tlu: rocks which it 
The greater part of the ingredients are common to sea- 
r, and might suggest the theory of a marine origin ; but the analy- 
ni of the Batli Bprinjta by Merck and Galloway shows tfiat the relative 
proportion of the solid matter is far from agreeing with that of the 
sea, the chloride of niaenesium being absolutely in excess, that is, 14 
Cmins of it per gallon for 12 of common salt; whereas in sea-water 
lht'r« arc 'ii grains of salt, or chloride of sodium, to four of the chlo- 
ride of magnesium. That tome mineral springs, however, may 
lUuive an inexhaustible supply, through rents and porous rocks, from 
tiie leaky IJOii of the ocean, is by no means an unreasonable theory, 
eswvislfy if we believe that the contiguity of nearly all the active 
volcanuci to the sea is comiected with the aecess of salt water to the 
subterranean Ibci of volcanic heat. 

Prof. Itoscoe, of Manchester, has been lately engaged in making a 
carefiil analynia of the Bath waters, ami has discovered in tliem three 
metals which they were not previously known to contain, — namely, cop- 
per.strontium, and lithium; but ho has searched in vain for cffsium and 
labidiiun, those new metals, the ejcistcnce of which has been revealed to 
at in the course of the last few years by what is called spectrum analy- 
sti. By this now method the presuQce of infinitesimal quantities, 
mch as would have wholly escaped detection by ordinary tests, is 
made known to the eye by the aeency of light. 

Prof. Bunsen, of Heidelberg, led the way, in 1860, in the appli- 
cation ofUiis new test to tbe hot waters of Baden-Baden and of Uurk- 
liciui in the Palatinate. lie observed in the spectrum some colored 
lines of which he could not interpret the meaning, and had deter- 
mined nut to rest till be had found out what Ihey meant. Tliis was 
no easy task, for it was necessary to evaporate 60 tons of water to 
obtain 2U0 groins of what proveil to be two new sictals. Taken )(1- 
logetbcr. their proportion to the water was only as one to three niil- 
'^— He named the first cicsium. from Ihe bluisU-gray lines which it 
ted in tliu spectrum ; and the second rubidium, from iUt two iwl 
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linps. Since Ihosc suecpsafiil experiments were inailc, tliallium, 
calliid from it» green line, was ilincoven^d in ISCl by Mr. Cruoki 
and 1 fourth mclal, named indium, from ita indigo-eolored liaiul, t 
detPUtedbyProf. llielitcr, of Friubcrg, in Saxony, in azini; oru of I 
Ilirtz. It is impossible not to aiupcct tiiat the wonderiul nSic 
of name mineral nprings, both eold nnd thcrmul. in iruring diHcaaa 
whieli no artifirinliy ptVTiared waters liavc as yt-t l>uea able k> rinj 
may be eouneclcd witli the presence of one or more of tlicao ehnx 
tary bodies previously unknown ; ami some of the mMrly-ruuud 'lam 
Uicnta, when proeured in larger quantities, may (iirnisb metSi 
Brienec with means of combatiu}; difiejucs whii£ have liillierW Ulfl 
all human skill- 
While I was pursuing my incjuirics respcctb^ the Bath waters 
li-amed cssually that a hot spniig had hivn diseovcred at a gn 
depth, in a copper-mine near lledmth, in Comwoll, liavin" alxiat 
hi;;h a temperature as tbnt of the Bath waters. It aecms uiat, ui I 
year 1830, a level was driven from nn old shall so as to iotvrtcct 
rich copper-mine at the depth of 1,360 feet from the surface. Throui 
thin raetaUiftroua fiasure, a powerful spring of hot water was obaorvi 
to rise, whieb lias continued to flow with undiminished ttrcti^lli evi 
einee. At my reqnest this water has been analysed byProlTldlii 
who linde tltat the iiuautity of solid inntti'ris so groat as to o]tc<eGd t 
more than fourtimcstheproportiunof that yielded by the Bath water 
\U composition is aUo in nuinv resneels vci^' difiereiit ; for tt eontaJi 
but little sulphate of lime, and is almost free from the salts of nugn 
aium. It ia rich in the chlorides of caleium and BodJuoi, and it contai 
one of the new metnls,— caesium , never before detected in any nuDra 
spring in En;;land ; but its peculiar eharoclijriHtic in the extraonliuw 
aWniLincc oflithiam, of which a mere trace had been found fajFic 
Itoscoe in the Bath waters ; whereas in this Cornish hot spring tl 
metal eonstittites no less than a -^ part of the whole of the «olj3 CO 
tents, which, as before staled, are so volumiuous. 

Lithium was first made known in 1817 by Arfvedsen, who cxtiacb 
it 'from petalitc ; and it was believed to be extremely rare, until Bu 
sen and Kircbhoff, in 1860, by means of spectrum analysis, show 
that it was a most widely dif&sed substance, existing in mini 
quanliticH in almost all mineral waters in the sea, as well as in mB 
hnnuu blood, and the ashes of some plants. It has already bei 
used in medicine, and we may therefore hope that, now that it 
obtainable in larjii! nuantilien, and at a muchclieaper rate llion befd 
the Wheel-Clifford hot spring wos analysed, it may become of bi| 
volue. 

Mr. Warington Smyth, who had already visited the Wheel-CUSffi 
lode in 1855, nvcxamined it in July laat, chiefly with the view of i 
plying to se^'erol igucries which I hud put to hiiu; and in apiCo of t 
stifling heat, ascertained the };eolo{;ica1 structure of tlie lode and t 
exact temiieraturc of the water. Thi^ last be found to be 1^3° Fkli 
It the depth of l.S.'iO feet ; but lie scarceh doubts that the thermoiuel 
lould stand two or three degrees higher at a distance of 300foat' 
the eastward, where the water is known to gush up more freely, Tl 
^Whoel-CIitForil lode is a fissure vaning in width fruui 6 to 13 fM 
tewall comitstingof clvan or ]rar\ilv,'ntiu £TunU..u\d tlvu otlu^roriuU 




diicll^ formed of vultularpyriteH of eonperand iron, the poroiin naluru 
of vucli aUows the hot water to percolate frvcly tlirou<;b it. It 9i>i,'nis, 
bowef er, tluttin the Fontinuauon upoanla ofibe sonic fissure liitli: ornx 
metalliferouE ore niu deposited, but, in its plarc, quartz aud olliix 
iDp(>niit«blesubGtuK'ce, whith obBtnieted the uourso of tlie hotapring. 
K) ma to prevent Its Uowiog out on the surDice of the country. It has 
been always a Tavoritc theory of tlie miners that the high ItMnperatiire 
of this Cornish spriue is due to the oxydauon of tliu aulpliurtts of 
co|)per and iron, whit'h are decomposed when air is adinitlvd. Thut 
■urh oxvdation must have tome sli;!bt effect is uudeuiable ; but tliut it 
miteriAlly iofluM)c«s tlie temperature of so large a bodv of water is 
nut of tlie ({uestioii. Its effect muat be alnwiit itiseosible ; for Prof. 
Miller has scarcely beeo abletodetect any sulphuric acid in the water, 
and B mioute trace only of iron and copper in solution. 

When WW compare the temperature of the Bath sprinKS, which issue 
at a level of less than lUO feet above the sea, with tlic Wheel-Clitfurd 
fpring found at a depth of 1,350 feet from the surface, we must of 
course make allowance for the increase of heat always experiuoced 
when we descend into the interior of the eartli. The diOcrcnce would 
amaunt to about 20° Fahr., if we adopt the estimate deduced by Mr. 
Hopkins from an accurate series of oliservatiuDS made in the Monk- 
nearmoutb shaft, near Durham, and in the Dukiofield shafl, near 
Manchcetcr, each of them 2,000 feet in depth. In these shafts Uio 
u-mperature was found to rise at the rate of only 1° F. tor every 
increase of depth of from 65 to 70 feet. But if the Wheel -CI ifFord 
spring, instvad of being arrested in its upward course, had continued 
to rise freely through porous and loose materials so as to reach the 
surface, it would probalily not have lost anytliing approaching to 20° 
F., siiico the renewed heat derived from below would have warmed 
ihe walls and contents of the lode, so as to raise their t(.'m))crature 
above that whichwould naturally belong to the rocks at corresponding 
levels on each side of the lode. The almost entire absence of mag' 
nesium raises an obvious objection to the hypothesis of this spring 
deriving its waters from the sea ; or if such a source lie suggested for 
the salt and other marine products, no should be under the necessitv 
of supposing the magnesium to be left behind in combination with 
some of the elements of the decomposed and altered rocks through 
whii-h the thermal waters may have passed. 

Hot springs are, for the most part, charged with alkaline and other 
faighlv soluble substances, and, as a rule, are barren of tlie precious 
metou, cold, silver, and copper, as well as of tin, platinum, lead, anil 
many others; a slight trace of copper in the Bath waters being ex- 
cuptional. i) evert heless, there is a strong presumption tluit there 
exists some relatiunship between the action of thermal waters and the 
filling of rents with mefallic ores. The component elements of these 
ores may. in the first instance, rise Irom great depths in a state of 
•ublimation or of solution in intensely heated watej. and may then be 
precijiitaled on tlie walls of a fissure as soon as the ascending vapors 
" fluids begin to part with some of their heat. Almnnl i-vcrvlhinir. 
the alkaline metals, silica, and certain gases, may thi 
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b(<luDd long before the sprin? rcai-bcs tlic earth's surfBcc. If ' 
tbcory be adopted, it will fulTow tlmt the mel«Uiicr»iis portion t 
figeuro, originatl; tltousonda of ftict or fathonu deep, will uever be 
posed In n-gioiu aeceasible to the miner until it haa heett npheavol bj 
n lon|;Kriesof coovnlsions, nud until tliehi^erpaita of Ibesamnrcnt, 
together with its coDU>Dts &ud the roi^ks whieh it had travcrsi^d have 
biion removed by aqucoug dunudotion. Ages before eodi chwiges «re 
' ■ccompUsbcd, thermal and tnineral springs will have ccucd to aet; m 
that tlie want of identity butweeu the mineral iogrodientauf Lot tpiinga 
atid the contents of metallifcruiu vcjn«, instead of militating i^&iiuit 
their iutimalfi relationship, is in favor of both being the complt 
tary resulta of one and the same natural operation. 

Melamarphiim of the Stdimealaiy Rocki. — Hut there si 
actijrs in the structure of the earth's crusi more mysterions in 
nature than the phenomena ol mctalliferoun reins, on which the M ,. ,_ 
of hot springs lias thrown light. I allude to the metamorphism of 
•cdinientaiy rocks. Strata of variooB ages, many of tbem oni-o fuH of 
OMauic remains, have been rendered partially or wholly ci^'stalline. 
It IS adinittod on ill hands that heat has been ittstrumontu in bringing 
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lias been earned out to ita lullest eitcnt, obliterates all trace of the 
imbedded fossils. But as mountaiu-ntossua many miles in length and 
brt-adth, and several thou-sands of feet in bight, have undei^one snch 
alteration, it has always been difSeutt to explaia in what manner an 
amount of heat capable of to entirety changing the molecular conililion 
of sodimentaiy masses could have eome into play without' utterly an- 
nihilating over)' sign of vtratilieatton, u well as of organic stmcturc. 

Various exjieriments have led to the conclusion that the minenb . 
which enter niosl largely into tho composition of the mctai 
rocks have not been Ibmcd by crystallixin^ from a state of fusioi^ t 
in the dry way, but that they nave been denved from linnid aotntio-" 
orin thewet way, — a process reijuiringafarlera intense degree of b( 
Thetmal springs, charged with carbonie add and with bnT '' ~ 
acid (which last is often present in small quantities), are , 
causes of decomposition and elteniical reaction in rocks throughw 
they gicrcoUto. If, therefore, large bodies of hot water perm 
mountoin-masBCS at great depths, t]>ey may, in the course of agci, ri- 
periiiduce in tliein a cry«talltne strut-tiarc; and, in some caws, strata 
in a lower poNilion and of older date may be comparatively unaltered, 
retaining tlie.ir fossil remans undefheed, while newer rocks are ren- 
dered metamorpbic. Tliis may liapfien where the waters, after passing 
upwards for thousands of feet, meet with some obstruction, as in the 
mso of tbe Wheel-Clifford spring, causing the same to be literally 
diverted so as to percolate tlie surrouniling rocks. The elEcxy of 
•uch hydro-thermal action lias been sdroirab^- illuslratcd of late t — 
by the experiments uid observations of Sdoarmout, Daubrte, P ' 
6(-heon?r, Sorby, Sterry Hunt, and others. 

Tbe changes which l)aubr6o has ebowa to have been produc 
the alkaline waters of Plombi^ret, in tho Vosgcs. are more espa 
iiiftnu-tire. These thermal wateT* ttave a. Urmpe.raturc of 160* F. 
Aiiil woiu conveyed by the Ui^man'* ta \iW\wV\iTO'i'^\\o\\^ww*m»» w 
aquctiiKte. rii« foutHlaliona «t wvati <j^ X-Wvc ^ut'ta v?ot^^««^ * v 
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bod of Mincrete, made of lime, fra^monU of biii^k, u)(l lAntlitone. 
Thrwigb this and otlicr uiasunn', tliu liut nau^ra lutve Iwen ptrcolnt- 
inft for vuuturics, and havi: given ri«i to variuu!) zeolitoa, — ajjujtliyllite 
and chabuxitc, amoDg otlun"* ; also to caloaruoiis ipnr, arragoiiito, and 
floor g^ar, Iiig«tlier with siliceous miiieralH, bul-Ii as a|>iil,-~all fuund 
in the mlerepftces of the briclca and ninrtor, or conxtituting part of 
their reamuigi^d materials. The iiuantity of lieatbrouglit iiiUi oL-tioa 
in thi« iiistanee, in the couno of 3,000 years, has, no Uuiibt, beun 
tinomiouB, allhougli the intensity of h develupuil at any one uiuuieuC 
has IxHto always iueonsiderahlo. 

The study, of law ycrirs, of the ronstituent partf uf granite luu, in 
libit luiuner, led to the uondusion that their consolidation has taken 
pLcc at toiuperotiiivs Far below those forutarly- suppoaud to be iudts- 
pcniable. GustitT ICose has pointed out that the quartas of granite has 
dw spwiGc gravity of 2'6, which charaetorijics siliua when it \» proeip- 
iUUtuQ-oma liquid solvent, and not tliat inferior density, iiamely, 2'3, 
wUcfa belongs to it when it eouls, and solidifies in the dry way irom ft 
■late of fiiaion. 

But Mine geologists, when made aware of the intervention, ou a 
Ih|^ acato, m' water, in the fonaatiun of the componcut minerals of 
the ennitic and volcanic rocks, appear, of late years, to have been too 
muco diiposcd to [linpcnac with iutcuao heat wlien aucuunting for the 
fbmwtioD of the rp-ctaUiiio and unstratificd ruck«. At water, in a 
state of solid combination, enters largely into the aluminous and sonio 
otlicr minerals, and therefore plays no small part in the composidou 
of the cartb't crust, it follows that, wheu roeks am mclied, water must 
be present, independently of the supplies of rain-water and aea-waltir 
which find their way into the regions of subterranean heat. But the 
existence of water under great pressure lifards no argument against 
our attributing an excessively high temperature to Che iua«s with which 
it is mined up. Still less docs the point to whieh the melted mattur 
must be cooled down before it consolidates or erystallizes into lava or 
granite, afford any test of tlie degree of beat wliieh tlio aano matter 
must have acijuircd when it was [united and mode to forui lakes and 
teas in llie interior of the earth's enist. 

We learn From Uunsen's experiments on the Great Geyser in Ice- 
land, that at the depth of ouly 74 feet, at the bottom of the tube, a 
col umn of water may be in a state of rc^t, and yet possess a heat of 
120° Centigrade, or 2M°F. What, then, may not tlie temperature 
of «uch waturbe at the depth of a few thuusand feet? It might soon 
attain a white heat under pressure ; and as to lava, they who have be- 
held it isEue, as I did in 1838, from tlio aouthwostem Banks of Vesu- 
vius, with a surface white and [flowing like tliat of the sun. and who 
hare f«lt the scorching heal whieh it radiates, will form a high eoneep- 
tiou of tlie intense temperature of tlie »aiue lava at the botCoui of a 



down, and were never to receive future accessions of heat, miijbt 
rtumire a whole geological period iMiforu it solidified. Of such slow 
n-frigcmtiun hot springs may be among tlie most eifDelivc iiuttnunuata, 
.•Uftracliii;; slowly fmui the subterrniwin iiwAU'.n muss liuAViaX.^'av^ 
• luuds ol tApor am man Ui ivrrv oiT in aUiunt (u«oiUi*as.'*o'U»*»* 
34' , 
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crater during an eruption, or from n lava stream during iu solidiGca- 
tioii. It is more tliiui 40 yean sjiiic Mr. Scrope, in liia nurk oa 
Vulcanoeu, insisted on tlie important part whicli waiter plays iu an 
uruplioD, wlicn intimately mixed up with thu component maUrrinla 
of lava, aidinu, bm he supposed, in giving mobility tu the more solid 
materials of &e lluid niasB. But when sdvocatiiig tliU igneo-aquuou* 
theory, be never dreamt uf impugning the Uuttuntau doctrine m to 
tiie intensity of beat which the production of tiic unstraljfied nA», 
ilioac of tlie plutotiie class especially implies. 

Tliu exact nature of the eliemical thauL-e* whiili hydrothcrmal »e- 
tion may effect in tlic earth's interior will long remain abscurv to us, 
because tlie regions where tliey take place are inaccesaible to man; 
but the manner in which volcanoes have shifted their position tliruu^li- 
out a vast series of geological cpoulis — becoming extinct in one region 
and breaking out in another— may, [terha[)a, explain the lucrcase of 
heat as we descend towards the interior, without tlie necessity of uur 
appealing to an origiual central heat or the igneous fluidity of the 
earth's nucleus. 

SecttU (hotoffiaU Ohanga itt Ihe Conftguratitnt of Gmat Britain, — 
It is alreody mnre than s qiittrter of a century since Sir Roderick Mur- 
chisnn Hrst spike of the Malvem Straits, meaning thereby a channel uf 
'' n which once separated Wales &om Engl:ind. Thjt ruch marine 



straits really extended, at n modem period, between what are 
csluuries of the Severn and the Dee has been lately confirmed in a toris- 
faotury manner, by thediwioverv of marine shells of recent sjiecies in drift 
coverin(r the watershed which divides those estuaries. At the time when 
these Hhells were living, the Coliwold Hills, at the footof whicli Uatlidty 
is biult, formed one of the numerous islande of an arcKipelago into which 
Knelimd, Ireland, and Scotland were then divided. The amount of ver- 
tical movement which would be necesaan' to restore such a btaie of the 
Mitfiice as prevaili'd when the position of land and sea were so diticreal 
would be very great. 

Nowhere in the world, aecording to our present information, is the ev- 
idence of upheaval, aa mjnifetiled by upraised marine shells, so striking at 
ill W.ile^. In that country Mr. Trimmer first pointed out, in 1831, the 
occurrence of fossil shells in atratilied drift, at the top of a hill called Mod 
Tryfae;!, near the Menui Striits, and not far from the base of Sitowdoo. 
Mr. Djibishire has obtuined from the same drift no less thin ii foml 
species, all of them now living either in high northern or British Mts, 
and 11 of the3> being exclusively arctic. The whole Fauna b^rs tes- 
timony to a climate colder than tnit now experienced in the^ latitudei^ 
though not to such extreme cold as that implied by the Fauna o'' soma 
of the glacial dnfl of Scotland. The shelU alludpd to were procured at 
the extraordinary hight of 1,3G0 feet above the sea-level, and they demon- 
stiate an unheiival of Ihe bed of the sea to thai amount in the time of 
the living 1 estacea. A considerable part of what iscalled theglacaalvpoeh 
hnd already etipsed before the shelly strata in question were deposited on 
Moel Tryliien, as we mav infer from the polished and striated surfiwea of 
fjckf on which the drift rvxts, and the occurrence of erratic bloifa 
U^ smonthed and scrntched, at t\\e bottom rf V\\e vame 4rS_ I 

■ Caiueof the Olanial Kpoch.— IVie cVhVivcb o^ »-■¥="'*<«. ^j!«« 

■ cold ia Etiyland and HgrOi iUnwca, W ^.'at t«n«> tt-itroA N»»\» <W 
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•o anivcnally ailmitted bf f^logists, that I shall Uko il for granb-ri, 
and britUy conciilcr what may Iwve bwn the probnlilo i-auaus uf the 
ndKg«r&t)OD of cvnlnd Europe at the era in iiueBtien. Une of tliuiui 
eauBO, fint lUggeslGil ] 1 years ago by a oeleljraU,-d Swire seologii ' 
hu not, I thitik, received the attention whieh it well deaf^rveil. Whi 



I pruposed, in 1833, the theory that alterationa in physical geography 
onght baTo given rise to tiume revolutions in climate whieh the eaitli's 
mirfarv hat experienced at successive epochs, it was otijccttfil liyinaiiy 
lliat the signs of upheaval and depresaion were too local tt account 
for auuU general changes of temperatuTC. This obju-'tion was thought 
to be of peculiar weight when applied to the glw^iul period, liecause 
of tlie shortQeas of the time, geologically speaking, which has since 
traiutnred. But the more we examine the monumenla of the ages 
which prpcede<l the historical, the more decided become the prooGs of 
ft general alteration in the position, depth, and hight of seas, couti- 
nciits, and monntaiu-chains since the commencement of tlic glacial 
period. The meteorologiat also has been learning of late years that 
the quantity of ice and snow in certain latitudes depends not merely 
on the faight of mountain-chains, but also on the distribution of the 
surrounding sea and land even to considerable distances. 

M. E.'K.'hcr von Liuth gave it as hia opinion in 1852, that if it were 
tnie, as Ititter had suggested, that the gieat Atriwui desert, or Sa- 
hara, was submerged wifliin the modem or poat-lertiary period, that 
same submergence might explain why the Alpmc glaciers had attainted 
BO recently those colossal dimensions which, reasoning on geoliigical 
data, Venetz and Charpentier had assigned to them. Since Escher 
first threw out this hint, the fact that the Sahara was really covered 
by the sea at no distant period has been (MinRrmed b^ many new 
proofs. The distinguished Swiss geologist himself has just returned 
from an exploring expedition through the eastern port of the Algerian 
Desert, in which he was accompanied by M. Desor, and Prof. Mar- 
tins. Theiie' three experienced observers satisfied themselves, during 
the Inst winter, that the Sahara was under water during the period of 
Uk" living spet-ici of Testscea. We had already learnt, in 1856, from 
a Memoir by M. Laurent, that sands identical with those of the uoor- 
est shores of the Mediterranean, and conlainitig, among other recent 
shells, the couunon cockle (t'ardium edute). extend over a vast space 
from west to east in the desert, being not only found on the surlacv, 
but also brought up from depths of mure than 20 feet by the Artesian 
auger. These shells have been met vritii at bights of more than yiX) 
feet above the sea-level, and on ground sunk 300 feet below it ; for 
there are in Africa, as in Western Asia, depressions of land below 
the level of the sea. Hie same cockle has been observed still living 
in several salt-lakes in the Sahara; and superficial incrustations ol 
salt in many pUces seem to point to the drying up by evaporation of 
several inland seas in certain districts. 

Mr. Tristram, in his travels in 18-!)9, traced for manv miles along 
the Honthem bordurs of the French possessions in Africa, lines of 
inland sca-cliSs. with caves at tlieir bases, and old sea-beaches form- 
ing successive terraces, in which recent shells and the costs of them 
•rere Mgglada&tal together with sand and ^VftiWa. ftvc iifnAsi \a,-(«i'^ 
tbc tbnn of a coiij^morate. TUe andciA BCfl. tt\i^M» ansKViNiwo 
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itretcbcd from the Galf of Cabea, in Tunis, to tlie west coast of Africa 
north of Sunegambii, having a width of several hundred (ocrhaj 
where gruateat, att-ording to Mr. Tristram, 800) niltes. Xh« 
luuds of Burbary, including Morocco, Algeria, (iiid Tuuis, mas 
buen separatod at tliia period Irom the rest of Africa by ft sea 
that wu have learnt from zoologists and botanitts Ja regard I 
present Fauna and Flora of Barbary favura this hypothesis, and 
at the same time to point to a rormi^' conutction of that country with 
Spain, Sicily, and South Italy. 

Whvo i>pecujating on these chruizes, we may coll to inind that certns 
deiinnits, full of marine shells of limig species, have long been known u 
fringinz ths borders of the Red Sea, and rising several hundred ieet 
above Its Ehore<i. Evidence hu also been obtained that Egypt, placed 
betiveen the lied Sea and the Sahara, participated in these great conti- 
nental movements. This may be inferred from Uie old riTei-temoet, 
lately deicribei] by Memrs. Adams and Murie, which skirt the modern 
aluvial plains of the Nile, and rise above them to rariuus bights, from 
30 to 100 ftet and upwards. In whatever direction, therefore, we look. 
we nee grounds for asiumbg that a map of Afxiea in the gliimlpeiiod 
would no more resemble mir present mnps of thjt continent than Euri^ 
now resemlilcH North America, If, then, argues Escher, the Sotwn wh 
a sea in post'teriiary times, we may understand why ihe Alpine glaoetB 
formerly attained such gigantjc dimensions, and why they have left mo- 
raines of such magnitude on the plains of Northern Italy and' the lowef 
coimtry of Switzerland. The Swiis jieasants have a saying, when the; 
talk of the melting of the sn6w, th:it the sun could do nothing without 
the Fohn, a name which they give to the well-known sirocco, Thia 
wind, after sweeping over a wide expan^ie of parched and burning saod 
in Africa, blows occasionally for days in auccesainn across the Meditem- 
nean, carrying with it the scorching heat of the Sahara to melt the snows 
of the Apennines and Alps. 

M. Denzler, in a Memoir on this subject, observes that the Fdhn blew 
tempestuously at Algiers on the ITth of July, 1S41. and then, crossing 
the Mediterranean, reached Marseilles in six hours. In tive mont bout* 
it was at Geneva and the Valaiii, tlmiwing down a large extent of foreW 
in the latter districl; while in the cantons of Zurich and the Griioni it 
suddenly turned the leaves of many trees from green to vetlow. In ■ 
few hours new-mown grass aw dried and ready for the haystack j Ibt 
although, in (Nu^ng over the Alpine snuwN, the sirocco absorbs mudi 
moisture, it is still &ir below the point of saturation when it rearhec the 
■ul)-A1pi'>e country to the north of the great chain. MM, Escher and 
Deniler have both of them oliserved, on different occasions, that « lluak- 
nisss of one foot of snow has ditapiwared in four hours during the 
prevalence of this wind. No wondur, therefore, that the Fdhn ia mnnli 
dreaded for the inundations which it si '"' " 



of the Alps was seen by Mr. Irscher, the astronomer, from his ohiem- 
tory at Neufchatel, bv aid of the telescope, to rise scnsihly every dtj 
while this wind was blowing. Its influence is bv no means ooaGn«d to 
the summer season, for b the winter of I8j2 it visited Zurich at Chnit-. 
mas, and in a fi'w days all the surrounding country wiis strip|icd of its 
snow, even on ihe shadiest pluvea und on rhc crests of high ridgek I 
fuel tixe batter ahle to apixuciale the power of tim wbd fiomasviag 
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mynelf witnetRed in Sidly. in 1823, iu effect in dissolving, in the month 

of November, Me snows which ihen covered ihe aumniit and higlier [urts 

of Al'iuiit Gcna. I had Iieen lulil th.it 1 Hhouid be unaMe to aitcenU It 

K^ top nf the hiaheat eone till the following "priog i but io 36 hoiira the 

Bit* bntath of the sirocco stripped off thim the mountain its white nunile 

■flf snow, and 1 nsceiided without difficulty. 

It ia well known tbiit the numlier of duys during which pirt'culur winds 
prevail, from year to year, varies conHidi-Tiblr. Between the year 141:1 
and 1820 Uie Fiihn wa> leu felt in Switzerland thnn unuot; and what 
was the coniiequence P All the gUcien, dunnj; thoiie eight or nine years, 
increased in highi, nnd crept down below their former limits in their 
re--pecliTe talleys. Many sitniLir examines might be cited of tlie sensi- 
tiveness of the ice to slight variation!) of temperature. Capt. Godwin 
.\u*len has lately given us a description of the gif^ntic glaciers of the 
vi-^tern Himalaya in those valleys where the lourcea of the Indui rise, 
between the latitudes 33° and 36° N. The highest peaks of the Knra- 
korum range attain in that region un elevation of 2H.0IK) feet above the 
■es. The t;laciers, says C<ipt. Austen, have been advancing within the 
memory of the living inhabitants, so as greatly to encroach on the culti- 
vate lands, and have so altered the climate of the adjoining vuUeys 
immediately below, that only one crop a vear can now be reaped from 
fields which formerly jielded two crops. If such changes ctn be experi- 
enced in less than a century, without any perceptible modificjtion in the 
physical geography of that part of A«iii, whnt mighty effects nuy vre not 
imagine the submergence of the Sahara to have produced in adding lu 
the nize of the Aljjine glaciers ? If belvreen the years 1812 and Iti'JII, a 
mere diminution of the number uf days during which the sirocco blew 
could so much promote the growth anil onward movement of Ihe ice, 
how much greater a change would result from Ihe totiil cessation of the 
■ame wind t But this would give no idea of what must linve happened in 
Ihe glacial |>eriod ; for we can not supjiose the action of the south wind to 
have been suspended : it was not b aoeyuncs, hut its character was en- 
tirely (itab!rent, and of an oppo»te nature, under the altered geogmphical 
conditions above contemplated. First, instead of paK«ng over a lurched 
and ttciirching desert, between the 20ih and 33Lb pariilleU of latitude, it 
would plentifully abiorb mointure from a sea mmr hundreds i>f milea 
wide. Next, in its course over the Mediterranean, ii would toke up still 
more aqueous vapor; and when, atiec complete saturation, it struck the 
A1[B, it would be driven up into the iiightr and more rgreBed mgions of 
the atmosphere. There the n&iol current, as f:ut as it was cooled, would 
dixchargc iIa aqueous burden in the form of snow, so that the same wind 
which ia now culled " the demurer of ice" would become its principal 

If we thus embrace Eicher'e theory, as oceounting in no sm.ill degree 
for the vast size of the extuict glaciers of Swiiicrhnd and Northern It'ily, 
we are by no means deiwrred from accepting at the same lime Cliar- 
|>entier'B suggestinn, th.it the Alps in the glacial period were 2,000 or 
3/>00 feet higher than they are now. Such a dilfcrence in altitude may 
have been an auxiliary caune of the extreme cold, and seems the more 
jmibalile now that we have obtained uneijuivocal proofs of such great 
Oscillations of level in Wales within the period under consideration. We 
Duy olao avail ourselves of another tource of refiigenttiuu which may 
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have coincided in time wilh the Bubmergence of the Sahara, naineh-. 
llie diversion of tlie OuirSlrcam fmm its jireseot course. The uluipe iif 
£uro|>e aud Xtinh Amcriou, or tlie lioiiiidjries of tea uud land, dt.-jtir:v-il 
M widely in tlie Rluciul (lerivd rruin tliu^ie now cslublished, that «e caiinoL 
■ujipme the Ojlf Stream to have Lrken at tiut period its pre.'teDl niiCLli- 
we^te^^ courw acros* the Atluntio. li it took some other direclion, the cl>< 
mule of the north of Bcotbnii would according to the calculations of Mr. 
Hopkins Buffer u diminution b its avor.ige annui) temjieniture of VJf F., 
while that of the Alps would lose 2° F. A combinntiun of all the con- 
ditions ahove enuiuenilcd would certuinly be attttnded with so i^reuE* 
revolution in olimute as might {[o Tar to account fur the exceujve cold 
which wjB developed at so mad«ni a [leriod in tlie earth's history. But 
«ven when we assume all three of them to hare been simultaneoualj in 
action we have by no meuns eiliausted all the resource* which a diflerenoe 
in tlie geot^rapliicd condition of the globe might supply. Thus, for ex- 
ample, lo name only one of them, we might iiUp|K)ie tlut the higlit and 
i)iuiitity of bnd near the north pote was greater at the era io quealira 

The vait mechanictl force that ico exerted in the glacial period bu 
been thought by some to demonstrate a want of unifurinily in the ami 
of energy wliich the aame natural cause may put forth at two 
e]io.)hs. But we must be careful, wtien thus reasoning, to bo 
that the power of ke is here siibiitituted for that of running water. 

one boojinw a mit{htv agent in transporting huge erratics, and in » .^^ 

abrading, and |HitiBliing rucks; but meanwhile the other is iii abeyancA 
When, for example, the ondetit Rhone glacier conveyed its moraines (run 
the upper to the lower end of the Lake Dene>a, there was no greol river, 
a* there now is, forming a delta manvraileiin extent; and sevend huodicd 
fuel in dcjitli, ut the upper end of the lake. 

. Antiquili/ tifUit Glacial Epoch. — The more we stady and con^uv- 
hend the geographical diangcs of the glacial period, and the nugr*- 
tionx oraiuiiutU and plants to which it gave rise, the hiebcr our ood- 
copliona are raised of the duration of that subdirision oftime, wludi, 
though vast when measured by the succession of events compriied ia 
it, was brief if imtimatud bv tlic ordinary rulea uf geolo^cal clarifi- 
cation. The glacial period was, in fact, a mere epinude lu one of tin 
gruat epochs of the earth's history; for the inhabitanta of tlie Isndi 
and seas, before and after the gmnd dcvcfo^ent of aaow ajid les, 
were nearly the same. As yet we have no satmfuftory proof that mK 
existed in Europe or elsewhere during the period of extreme eoUj 
but our investigations on this head ore still iu their infancy. In an 
early portion of the pout-glacial period it lias been ascertainod tl 
man flourished iu Euro]ie ; and in tracing the signs of existeDce, Eh 
the historical iLgcs to those immediately antecedent, and so baukwl 
intu more ancient tiincfi, we gradually approach a dissimiUr p. 
graphical stAte of things, when the climate was eoliler, and wbeo A 
configuration of the surface deportud cotuidcnibly from Uwt wh) 
now prevails. 

An.'lwBologists are satisfied that in central Eurojie the ago of hi 
weapons preceded the Roman iuva»ion of SwitziTland ; and priof 
die Swiss-lake dwellings of thit bronze age were tho.'^o in whioa Mc 
f ' ^vapoiu alouu vmta used. The Douish kitchun-uuddeiu 
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beeo of about tlie samn dittc; hut wlint M. Lartet has cillvd the roln- 
dcer perioi] of tlie soiitli of Frani'i; was probably anttrior, »iid i;6n- 
BMted with a nouicwhat culdi-r elJuiutc. Uf st31 higlier aiitiijuity was 
thM a^ of ruder impbinunls of stone such as were buried in tliu 
flnriuile drift of Amiens and Abbeville, and which were mingled in the 
■anu: gravel with the boocs of extinct quadnipeda, such as the ele- 
phant, riiitioccros, bear, tiger, and hyena. Between the present era 
aiid that of ihoau carUeiit ve.stiges yet diseovei^d of our race, vulleys 
have been deepened and widened, the course of subleiranoan rivers 
wliich once flowed through caverns has been changed, and many 
speeivs of wild qnodrapcda have disappeared. The bed of the nea, 
moreover, bus in the same a;;cs been lifted up, in mai!^ places hun- 
dreds of feet above its former level, and the outlines oi^miuiy a coiutt 
entirely altered. 

UM.de Yemcuil and Lnrtet have recently found, near hladnil, 
foasil teeth of the African elephant, in old valley-drift, containinK Hint 
implements of the same antique type as those of Amiens and Abbe- 
ville, Proof of tlic same elephant having inhabited Sicily in the Pust- 
Elioeene and probably within the Human period had previously been 
roiight to light by Baron Anca, during his exploration of the bone- 
caves of Palermo. We have now, therefore, evi<lenee of man having 
i-oezisted in Europe with three species of elephant, two of them ex- ' 
tinet (namely, tlie mammoth and the Eltpka* antiqutu), and a third 
the same as that which still survives in Africa. As to tlie first of 
th«e, — the mammoth, — I am aware that some writers eontcnd that it 
could not have died out many tens of thousawls of years before our 
tine, beeauae its flesh has been found preserved in ice, in Sibqria, in 
■o freth a state as to serve as food for du^s, bears, and trolves ; but 
this argumeut seems to me Gdlacious. Middendorf in 1843, after 
digging through some thickness of froien soil in Siberia, came down 
vpoa an icy mass, in which the carcass of a mammoth was imbedded, 
•o perfect tltat, among other parts, the pupil of its eye was taken out, 
and ia now preserved in the Jluseum of Moaeow. No one will deny 
lliat this elepliant hod lain for several tliousand yearn in its icy en- 
velop; and it* it had been left undisturbed, and the cold )iad gone on 
increasing, for myriads of centuries, we might rcuitnoably expect tJiat 
the frozen flesh might continue undecaycd until a second glaeial 
period had passed away. 

When speculations on the long series of events which occurred in 
the glaeial and postglacial periods arc indulged in, the imagination it 



apt to take alarm at the immensitv of the time required to interpret 
tliit monuments of those ages, all referable to the era of existin? 
spet'ies. tn order to abridge the number of centuries which would 
otherwise be indispeniablc, a disposition is shown by many to tnng- 
niiy the rate of change in prehistoric times, by investing Lbe causes 
which hare modified the animate and inanimate world with cxtraor- 
dinanr and excessive energy. It is related of a great lri«b orator of 
our day, that when ho was about to contribute somewhat parsimoni- 
ously towards a public charity, he was persuaded by a friend to mate 
nnore liberal donation. In doing so he apologized for \m first ap- 
■■Iccnt wont of generosity, by saying that bis early life lu>d been X 
^■bahuit stntggle witli seniity means, and that " they who arc born to 
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■fnucn:« oinnoC i-nsUy imAzinu Imw Ion|> a titiiG it take* to get 4 
cbill gf poverty out of ont^s lioncs." Id like mxnner, we- of tint livi 
geoeralion, when raJIk^c] upou to mate grants ol'thouaanila of ceni 
in order to explain the events of trhat is culled tbc modem period, b 
naturaLj' at first from making whw seems bo lavish an i-xpe 
put time. Throughout our earlv education we have been ai 
to such strict economy in all that relates to the chronolog}' of tl 
earth and its inh;ibitant3 m remote ages, ao fettered have we been liy 
old traiiitional beliefs, tliat even when ourreason is convinei^d. and we 
are persuaded tiiat we ought to make more liberal grantc of time to 
the K^ologiat, we feel how hard it ia to get the chill of poTvrtj' out gf 

Beetnt Change* in Qeological Optniotu. — I will now briefly alli 
in concluEion, to two points on whi<jh a gradual chouue of opinion 
been taking place ainoug geologiatj of liOe years. First, as to who* 
there has been a continuous sucecssioa of events in tbc organic 
inorganic worlds, uninterrupted by violent and general catiuitn^lM* ; 
and, secondly, whether clear evidence can be obtained of a piTrad 
antecedent to the creation of organic beings on the earti). I au oU 
enough to remember when geologists dugiustized on both tbcM 
qiieslion.H in a manner very dinerent from that in which tbey wotiM 
now venture to indulge. I believe that by far the greater number 
now iucline to opposite views Irom tliose which were once most com- 
monty entertained. On the Gr«t point it is wortlij- of renurk ihit, 
although a belief in sudden and general convuUions has been losing 
ground, at also the doctrine of abiitpt transitions from one set of 
species of animals and plants to another of a very different type, ;-«t 
the whole series of the records which have been banded down to ui 
arc now more than ever regarded as fragmentary. They ought l« bo 
looked upou as more perfect, because numerous gapa haw Iwen lilled 
up, and m the formations newly intercalaled in the scries wc have 
found many missing links and various intermediate Krodationi be- 
tween the nearest allied forms previously known in iJie animal i 
vegetable worlds. Yet the whole body of monuments which w«_ 
endeavoring tc decipher appears more defective than before, 
my own part, I agree with Mr. Darwin, in considering them aa i 
fiaction of those which have onuo oxisUtd, while no i^>proach U 
perfect series was ever formed originally, it having never been 
of the plan of nature to leave a complete record of all her work 
operations for the enlightenment of rational beings who might 
them in ofler ages. 

In reference to the other great question, of the earliest date 
vital phenomena on this planet, the late discoveries in Canada hava 
at least demonstrated that certain theories founded in Europo on HMn 
negative eridence were altogether delusive. In the course of a geo- 
logical survey, carried on under the able direction of Sir Williaui E. 
Lc^an, it lias been shown that northward of the River St. 
thi^re is a vast series of stratified and crystalline rocks of cnoiBs, 
schist, quartzite. and limeatouD. about 4U,00U feet in thic^css, 
have l>een called Laurentian. 1'liey are more ancient than Ibo 
fossiliferoiis strata of Europe, or those to which the term pril 
bad been nwbly aasiguod. lu the first place, the newest part of 
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gntt cmtattine Kcries U tmroiifurmnble to titc unrietit fostiliferaas or 
Dvcalled primurdiiil rocks wlitcli iiveritu it ; bo tLat it iiiuat litxve un- 
dergone ulaEurbJii;^ moviiiuGntd In/fiiru iJie laiirT or prlinnrdial «ot was 
fonnuil. Tben a^i^oio, tbc oUlcr lialf of tlio Laurentian ^itriua is iincon- 
luitiiablb lo tUo newer portion of tlio tamo. It ia in this lowest onil 
moat ancient syntcin of L-ry«tiilImc strain that a UmUBtono. about 1,IXX> 
ifvt thick, hu been observed, containing orgmie reiuoins. TbcsQ 
fowils have been exaininud by Dr. Dawson, of Montrual, anil lie luu 
duiected in thero by aji] of the niieroxcopo, the disdnirt structure of ft 
large species of Kbizopod. Fine specimens of tbis fossil, called fotuuit 
Caiiadeiue, have been brought to Bath by Sir Williatn Iiogan, to bo 
exhibited to the mumbers of the Association. We hiro every reason 
to suppose that the rocks in which these animal remains are incluilml 
are lA aa oU a dale as any of tlii! fonnations named Azoic in Europe, 
if not older, so tbit tbey precede in date rocks once supposed to 
have been formed before any organic beings liad Iwen created. 

But I will not venture on speculations respecting ** the signs of ft 
ln'pnning," or " the prosjtects of an end," of our terrestrial system, — 
th^ wide ocean of scientific conjecture on which so many thcorlsU 
before my time have suffered sliipwreck. 

HKW FACT8 RKSFECTIKQ THE ANTIQTIITT OF MAS. 

The wareh forovidence rcapecling the antifiuity and prehistoric con- 
dilioa of the human race, is still proaecutiul by tiu: geologists and nat- 
ivaliata of Europe with the greatest zeal ; and new facts of the utmost 

rbgic and historic interest are cottstantly being brought to light, aa 
result of their researches. From the record of tlie past year, we 
have prepai«d the followii^ summary of tlie most recent discoveries. 
Cace of Braniqiul, France. — In tbe summer of 18l)3 there was 
opened on the estate of the Vicointe St. Jal, at firuniquel, in the de- 
partment of Tarn et Oaroime, a cave, from wluch the proprietor ol>- 
tained numeroun specimens of reinaini of animals, (lint instruments, 
bone iniplemuuts, lashiooed and carve<l by means of the flint-knives, 
and finally what the Vicomle believed to bo human remains, all im- 
bedded in the brtccia. 

M. St, Jal at once ramromiicalfd his discovery lo the French fJiiv- 
cnunent, and proposed a sale of the cavo and contents. His com' 
mnnicfttion beina treated with neglect, he ne\t i^iplied to the British 
HUBfturo. Tbe utter was referred to Piof. Oweji, who perceiving the 
poasible value of this discovery, at once started off, and to January, 
IS&i, personally visited the localit^r. After inspecting tbe cave and 
satisfying himself ofits paleontologicol value ho roturnud to Euglaiid ; 
and by his advice the nght of exploring the cavern, with oil its con- 
tents, was at once bought by tiie Trustees of the Museum. 

Meantime, however, a somewhat curious episode occurred. The 
visit of Professor Owen appears tu have stimulated the French author- 
ities, and frufcssom Milne-Ed wanla and Lortat were dospatehed ou 
a cotnmission of inspection. They also recognized the value of the 
discover}-, and presently an offer was made from the French govem- 
meot aliglilly outbidding that wliicli Prolcssor Owen had made, under 
the necessary reserve of approval bv the British Museum trustees. 

U, St. Jul, howevur, honorably aduered to his Grst bargain, and 
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■ubBequentW tho PontenU ur tbc cavf. wi>ro cxhumcil and rvmored lo 
' London, 'fliey arpuiidorstood toeinhnu'csami' 1 ,5iJI I fossil spi-oiiaeiiK. 
taany of them atil) imbvdibd ill the odiilivd miul, in which Uic^y were 
foun<l beneath » coating of gtalB<riQ>t^- ^ho i-ari'm is in a Junuair 
liinustone, and tlie soil found in it u formed by the snpcrpoHition uf 
■everal layen, viz ; lirst, a. stalagniiti: du])oait ; then an oismius breccia : 
then black clay beds rejieAled several times, in tlie midst or whw-h wm 
a pell mell of wrought flints of all Icnown shapes ; barlwd arrow-i>ointa; 
bones of carnivores, ruminants, and binls. and roundot jiuhhlo*. 
Mingled with theio ircre the bonca of nun. About HO \ier rent of llx 
animal bones found were those of the reindeer, an animal which fail- 
not been known within the historic period south of the noitl 
shores of tbc Baltic. There were besides, the bones of two apt 
of extinrt lieer. a few remains of tho rod dcpr, tho extinct Botpn 
genias, the Ithinocerot tichorinfu, and the bumems of a big bird, 
which was roughly sculptured different parts of a fi'h. This seenM 
have Iwen an amulet or omaraent. Some of the other bones alio wi 
rudely carved, while most of them bear marks of having been fn 
tured for the puqxiso of geltiug at the marrow, or nuking them hi 
weapons orinstnimenti. 

At a meeting of the Royal Socjpty, June, 1864, Prof. Owen u 
nutely descrilM'd the circuniatancoB under which these diaeoveritw w* 
made, and stated thai the contemporaneity of the hnm.vi roroM 
with tboRC of the extinct and other animals with which they werci 
Bociated, together with the Hint and bone imgilcincnts. was pruved 
the eviileneo of the plastic condition of the calciGi'd mud of^ Ae hn 
cia at the time of interment, by the chemical constitution of the t 
man bonca, corresponding with that of the other animal ronuuns, a 
by the similarity of their position and relations in the surronndii 
breccia. Aniongtbe prinoipal remains of the men of the flint peri 
discovered in this cave he described the following : — 

The hinder portion of a cranium, with several other parts of I 
same skeleton, which were so situated in their matri.x as to indici 
that the body had been interred in a crouching posture, and ihi 
&(ler the decomposition and dissolution of tlie soil jiarts, the skeleU 
had yielded to the snperincumbent weight; 2. An almost end r« 01 
varium, which was described and compu^ with different typo of t 
human sLull, and whieh Prof. Owen showed was superior in form U 
capacity to the, Australian tj-pe, and more closely to correspond ni 
the Celtic type, though proportionally shorter than the modem Cull 
and the form exhibited by tho Celtic cranium from Engi«, 8iriti| 
Und ; 3. Jaws and teeth of individuals of different ages. 

After noticing other smaller portious of human crania, the fan 
jaw and ti^eth of an adult, the upper and lower jaws of inuniM 
individuals were described, tho characters of certain dOCldM 
teeth being referred to. The proportions of tho molars are B 
those of the Australian, but of other races, and especially tho 
of anient and modem Europeans. As in most primitive \ 
early races in whi<-h mastication was little helped by arts of c ' 
or bjr roriotis and rclined kinds ot fund, the crowns of die a 
MV wOra down, beyond Ihu enairnA, ftaX anOv imooiii.\n'SB»« 
exposiag tiicru a ceutrai Iract ot oatftoicotvae. ■m^v'vaS. »ii 



It would tbas appcsr that tUc human rvtnalna from the Brnniquul 
c&ve stjuiil bigli in tlur Bi'olc! uf orguiiixatioD, and do not exhibit the 
(eoturvB of an inferior or transLtJaiutl type. 

Kniluralion of Cavena in the Pruciiice of Pinijnrd, France. — 
n7-.i,l_ _ ..^_„„-.__. :„,.!.. _* • :^j -i... — :!.-^....^ ..f *_:_ 



f^rd, Fr&Di,'e. Thi-^' oocur chiefly on the banks of tributaries of the 
river Donlogne (whu-b ruaches thG sea a little north of Bordeaux). 
During the past year one of thcBU oavcnii', namolv, that of Eysie^, 
wax bright by Messrs. L,art«t and Christy, UiB well-known geologitta, 
ud carefully explored. 

These gentlemeu divided the floor of the cave into caui[iartuienla, 
and, with a generosity worthy of all praiBe, they have nent si>ei;iinens 
of Ute blocks thus obtaiiied, wcigtiiii;; JHX) lbs. oud upwards to the 
principal muoeums in Europe. 

The floor of Ihii cavern was found to consist of a compact moM of 
eirth, chircodi flint weapon* and tools, bones, needles, &c, whicli have 
been hirdened into a solid agf;!omerate, chiefly by the action of iho 
eslcareau* droppings from the rnuf of tlie cave. This ogf^lomerate, or 
brecciii, as it is technically styled, formed an iirtificia! floor to the cave of 
various thicknesses, from three inches to ten inches. In fact, the evidence 
seems complete tliat the cive in question was for many years the abode 
' ' It people, who were accustomed to throw down, or leave upon 



the floor, the bnnes and other reronnnCs of their feasts, very much ir 
monner of the EsoTiimatix nnd other savages of llie present day. With 
tlM«e, wea|xiO! and industriul implements nniurally became mingl'^. The 
■nimal bones found, were, as in the cave of Bruniquel, principally those 
of the reindeer. 

At some period sut>sequent to the human occupancy of the carern a 
flood has rushed through it, bringing in its conrKe, and leaving in the cave, 
a number of iioulder stones. These h^re been fitted to the artlflciul floor 
of breccia by the slow but unfailing mason, — the droppings from the chalk 
strata overhead. 

Messrii. LartetandChristyfrom their explorations of this oaveannnunca 
the following conclu.iiong t That a variety of tlie human race inhabited 
the caves in the region since called Perigiid at the same time as the 
reindeer, the aurochs, and otheranimabi which are now only found in ex< 
tieme latitude* ; that this people hud no knonledge of the une of metals, 
thi^r only arras and tools being either of brolten and unpolished flinla, or 
of bones or horns of animals i that they lived upon the produce of the 
chase nnd by Sidling ; that they had no domesticated animal, neither dog 
nor cat, else some jKirtions uf the bones and ^news that h»vit been found 
•could have b'^en gnawed, and some remains of the doe would have been 
diaiovered ; and that they were clothed in skins, which were sewn with 
bone needles and string made out of the liuews end tendons of the legi 
of tiieir prey. 

Etplurattun of a Ctnem eoataim'ng Ike Remains of Man and er- 
Unci Anim-i/t iii Ike Pi/renea. — During the post year also Messrs. 
Garrig lu and Marun, two Fiench naturalist* have )iuhl»hed the result of 
their exploration of a oavem galled Espiliiipi*a. situated in *'■- "'-^ 
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e denve (he following i«rticulata ; — 
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, "Within the cavem, towinl the cDtranra of the great liAlt, 
are gre»t numbers of largu blocks of limoatone lying Ui^tluT n_ 
bud i>f rounitci] alooas. Anigcig tliusc blocks, and espccillly ftt tln-lr 
bnac, ATe heaps of cindura aud charcoal, some fraj^mcnts of Vliii.!) 
occur ttt different places in the general deposit at the cavern. Bouts, 
jaws, and teeth of dilTurent Matnmals were oblaiDCil, cspocidl}' tram 
iho lower part of the deposit. The sur&ce layers of the deposit, 
afforded ua only rare fragments, and these, before commCDcing our 
second day''g examination, we carefully laid aside for separaU; study. 
Quantities of cut flints, bones, aiid homa of various slags, worked 
and shaped into the form of instruments and weapons, and some 
carved bones, lay iu confusion along with the ashes and coal. 

" We will first describe the relics in tho upper byer. examined by 
us, and then those of the lower strata." 

Upper LaytF. — rtemoius of the fox, horse, wild hoar, stas, chamois, 
wild goat (Bouquutin), reindeer, aurochs, o*, mole, fiSd uuiusc. 
and birds ; also of a goat larger than the chamois, and a sheep of iho 
■ize of a goat. 

The bones of all these animals are broken like those of the Kjoek- 
kenmodding of Denmark and of the lake habitations of Switzerland. 

"Amonff these paleuntdopeal fragments, some, on careful 






ination, led us to mfer that U;a domestication of certain uiim&la 
boon in practice during the p< 
broken bones of the surface, 

RodcDta. Near by were otbers bearing mark* of the tevth of 
Cariiivore(a dog, beyond doubt). Among the debris wc collected, 
twenty centimeters below the surface, a small fragment of a rib of a 
Ruminant, bearing a sculpturi'd design of fine Gnish, and di&i-ring '*^ 
this n^spect from objects of the same kind found at BmniqucL'' 

Lover Layer*. — 'rhe li^t of animals found in the lower ueila of 
cavern differ a little from tho preceding. Wc notice the horse, 
L stag, the reindeer, the aurochs, an ox somewliat smaller 



the aurochs, a lai^e sheep, two Rodents, and some bonus of birds. 
The teeth of tlu) horse are more abundant than those of the ox ur 
tlie reindeer; but the bones of tlie rcindeer'are more numerous than 
those of the other Ruminants. All these bones wero broken. la 
character and appearance tlic bones of the upper or surCuM U] 
differ nialurially from those of tlie lower Mratum. The funner 
grayish white, while the latter are colored red. The former do 
adhere to the tongue, and evidently contain gelatin, while the '~ 
adlicrc to the tongue and contain no gelatin. In onler to bi 
ai to the gelatin, wc burned two fra^cnts uf bone on live cba^ 
riiat l^en from the surface affonled almost immediately an Ii 
portable etnpyrcumatic odor, and the other, taken from *" ' — 
odor at all. 

Tliroughout the extent of the bed exaiuined by ns, V 
rolled pebbles at the surface, there arc found, along with the 
vrrought llints, and also instruments and tools made of tbu b 
lJ>e reindeer and common stag, and of bone, ilorc than ^00 
tiitMt of them wrought, and cowwVj «o, -wvxtt wmwA smS.. 
he (JaiwificJ aa follows : (.1) Kni-ivs-, <Ci1 *-t«^«»--, l?.'^ 
roughly JjewD. aud somuliuKs W\Wj ^."wi ^^^^ ««x>saa.ii 
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attacliment to a handle; (4) wrou^rlit hatchets of 'small size, but of 
the same form with those from the diluvium of Abbeville and Amiens ; 
(5) fragments of flint which were chipped from the instruments here 
aescribed. More than 24 objects of stag horn, of reindeer horn and 
of wrought bones, and also one bone very coarsely sculptured, 
Awarded our excavations in the lower beds. The sculptured bone 
represents, as nearly as we can judge, a fish with ventral fins and a 
divided tail. The skill of the artist was inferior to that in the case 
before mentioned. 

It appears evident to us that the inhabitants contemporary with 
the inferior deposits of Lourdes, had a degree of civilization nearly 
equal to, and yet a little below, that of the occupants of the caverns 
ol Perigord, Bruniquel, etc. 

From a review of the facts, it is plain that the age of the upper 
layers of the deposit in the cavern of Lourdes is not tne same as that 
oi the lower. We conclude from the presence of the Aurochs, the exist- 
ence of domestic animals, the discovery of bones gnawed by dogs, 
the almost complete preservation of the gelatin in the bones, and 
their deeper color, ana by the discovery of a bone finely sculptured, 
that the upper beds belong to an age more recent than that of the 
lower beds. This we would call the age of the Aurochs, with which 
nan was contemporary. As to the lower beds, it is evident to us, 
from the abundant remains of the reindeer, including large quantities 
of its horns ; from the coarseness of its wrought obiects, its worked 
flints, and its sculpture ; from the reddish brown color of the bones, 
and from the absence of gelatin and their adhering to the tongue, 
that they pertain to an epoch more ancient than the preceding. It 
was the age of the reindeer. 

The cave of Lourdes has thus afforded the first example of the 
direct superposition of the beds of the two consecutive palec^tological 
epochs of the Quaternary or Post-tertiary period. 

Human Fossils from Qihraltar, — During the past year, as the re- 
sult of the exploration of certain caves and fissures at Gibraltar, there 
has been obtained a collection of human fossils, of the most interest- 
ing and remarkable character. From two collections of cavern- 
breccia, forwarded to England, nearly 400 fragments of skulls have 
been obtained, all presentmg signs of very ancient fracture, besides 
numerous jaw-bones. Most of these cranial fragments are too small 
to admit of complete cranial restoration ; but ]VJ&. Busk, tiie natural- 
ist, who has the collection in charge, is of the opinion that the lower 
jaws may be referred to two distinct t}'pes of race. ** This opiniou," 
he says, " is strengthened by the circumstance that some of the other 
bones of the skeletons present very remarkable distinctive characters. 
Thus, among the numerous leg and thigh bones, belonging appar- 
ently to some 35 individuals, are many so singular, and as it may 
almost be said so monstrous in their form, as to have excited the aston- 
ishment of all anatomists who have beheld them. 

Subsequently, and later in the year, the other collections of bones 
were received in England, obtamed from the so-called Sir James 
Cochrane's cave at Gibraltar. Included in the first collection, was one 
quite perfect human cranium, except that the loyret Vaw Y^'^f^ ^^^"^ 
loiigiDg to it baa been replaced by one oi «i ^m<es^Tii^ m^^^^^^sQS^ 
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Mr. Buak, "M were most of the 
I, was oncased in a, vurj hani gray a ^ 
i several iDi^Qg thii^k, auil cviilunttjr the rmult a( 
TC17 long am] bIuw deposition. But when ijiu wu reinorcd. the bniif 
atoail out as frvsa to all appcaranee as if it had been carefully matur- 
ated aud cleaned. It is a eiasM, roundish, syminetrieal craiuani; bur 
we have not yet so critically tiotnpiired it as to allow of any OHiiiiii' 
n b^iig given on the present occasion as to its ncait^ prutiablo 
L's. In one rcspvi't it is of cxtretao intcrust, from its b«mK awu- 
eiatcd with several leg bonei prcscufing the peculiar couipTCssed form 
ftbovu adverted to, and among which one, from the condition of lln 
bone itself and the e.x3Ct similarity of the calcareous incru«talion npun 
it, most probably biJonga to the same individual. We tiins appear la 
be furaishcd wiUi a etue to the cranial c-onformation of the * sharp- 
■liinned ' orp/afjURtnu'e race, — a poiut of conaiderabtc iinpartancv." 
In the second cullcction, there were besides several quadmpedal 
bones the grvat«r part of a human cranium, andalowerjaw not belong- 
ing to it. " This cranium," says Mr. Busk, "resembles in all rasentkl 
particulars, including its great thivkncss, the far-Guned Neanderthal 
skull ; but, in many respects, it is of infinitely higher value than that 
much-ilisnuted relic, inasmuch as it retains the entire oreipital re- 

Son incInJing the hinder margin of foramen magnuni, great part tfT 
e base, the whole of one temporal bono (ihns giving die preciso 
situation of the auditory opening), and nearly the entire face, includ- 
ing the upper jaw, with moat of the much and curiously-worn teeth. 
Aa it is precisely these parts that are wanting in the Neanderthal cal- 
varium, of wliich the present is, in other respects, almost a 
counterpart, the value o( this cranium in the study of priscan n 
not be rated too hi^h. Its discover also adds immensely (o tlib >vui 
tific value vf the Neanderthal specimen, if only as showing th^ li 
latter does not represent, as many have hitherto supposed, a ma 
individual peculiarity, but that it may bnve been characteristic a 
a race eictcnding from the Ithine to the Pillars of Hercules, lli 
animal bones associated with this skull, though not themjulvcs of *n 
extinct species, yet belong to one (/ice) whose remains occur very 
abundantly- throogbout the Rock in the oldest breccia, in which on 
also contained those of at least one, if not of two, wholly t 
(penes of Rhinoceros, and of several other animals which aj 
BO far as Europe is concerned." 

Fanker Buman Renaim from AbbetiUe, France. — The alleg 
discovery in 18G3, bv M. Perthes, ofaportion of a human jaw-bone, i 
Eravel bed (probably belonging to the drift period), and located w 
Abbeville, trance, at a quarry known as '*Moubn-Quignon,"haB,i| 
our readers are doubtless welt aware, excited much discussion UMI^ 
edcntists and theologians, both in Europe and this country (see J 
Hiial nf Scienlijic Diacoven/, 18G4, p. 232) . The discussions bare abv 
invested the quarry in question wiUi great interest ; and a shaip le^ 
oat has been kept ever since by naturalists in the hope of fonhcF ^t- 
coveries. Thisliope has been at last rcahzed. On April 24, 1861, IL 
Perthes and l>r. Dubois of W)\)eV\Vic,^o\m4\nOT«&^\!ofe(^jarrybi ' 
a portion of a human Bacn\m, STis^ioi;iAao^aiVT»n™.vft,«Ji&\s«Ho»~ 
teeth ; on the list of May tiiej oUaiocA, w ii^^t.^a^ewst't. 
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»nil AD the llth cf Mar, tbe party of exploration being incroRscd, 
limy turned out From a iluptb of about 14 fuet, a liumiiti jaw-booe, 
ai-orly pi'rTvict with other bones tuid tome cat flints. On the Ttb of 
Jiiac, lL> Abbe Martin, Professor of Gcolosy at the Seminary of St. 
Riijiuer, con^nued tho ili;j:giugs lutii took out Tnita a drift bed, at a vlaxa 
wbifh ihowed pUinly h<[ ils regular strati licatloQ, that it hail not tioen 
disturbed sioL-a its original dejiobition, a kuimin craniaia, tiic traattd 
bone and the parietal of wbiuh vreru nevty uiitirc, and uIho two frog- 
mcnu of an upper jaw. 

TIm iiuDiber of spci^imens of Lonci thus collected from the Afabc- 
Tille beds during the put year amounts to 200. and they were all 
fiiund witiiin an cxtont of about 130 fuHt. Part of tliese are of animals. 
The humaa remains apptntutly indicate a lery small race of men. 

Diteucerf of an A/wient Factory of' Fiini Iin/tleiitfnts. — During 
the past year there has been discovfrcJ nu»r Pressiguy, in the Dapart- 
nient of ladre-U-Lotre, in France, an ancieni manuroeturinc place of 
llint implemcnti, exceeding in interest and importance any tlung of the 
kind before known. In a luttt-T read to the French Academy by the 
Abbi Cheralier, detailing this disiuvery, tlie writer aaya: — 

All the Hint impleinenta lie in va«t quantities on tlio very surface of 
ground; there is uo walking a step witliout treading upon one of 
. _ .a. They consiH of cut nuclei, tomahawks, hatcheta, knives from 
£*« to six inches in len^li, spear heads, scrapers, and vatt quantities 
of chips of silicious stoues. They are so numerous that ploughmen, 
when they find them lying in fi'ont of the |)laugUsh!irc, [^ck them up 
and throw them in beapi on the borders of the field. Xbe ground 
hu an extent of about Xi acres, and the Abbe considers the discoveries 
at AbbeFille to be quite iosisoificant compared with these. 'A few of 
tho artidei are poiislicd. Dr. Leueill^, the physician of (111 place, 
has had the gitod fortune to find a hatcbct-polisher consisting of a 
block uf sanilatODe about 18 iache» by 12, with numcroas furrows, into 
which the hatchets used to be inserted for the purposo of iliarpening 
or polishing them by friction, after being previously bewn into abiipe- 

A writer in~0a2(i/iiani, commenting on this discovery says: The 
question in voluntarily presents itself, how it is possible that such k 
ndi field of exploration should have roroaineil unnoticed for so lon^ 
■ period, and wheUier the very abuDdani-e of these flint implements la 
not «u<lici«nt ta cast a doubt upon their antiijuity. The fact of Hint 
' aplementa having lain for thousands of years on the surface of a 
without being either noticed or picked up, or washed away or 
d by the action of violent rains, is certainly much laoro wonder- 
mi, not to say improbable, than any of the late singular diicoveriea 
made in caverns ur ut certain depths below the surface of the soil. 

DiKOvery o/ Fonil Slotu IvtpUauiUs in India. — At a recent meet- 
ing; of tbe Royal Asiatic Society of Bengal, Prof. Oldham exhibited 
n imall collection of stone implements which ha<U very recently been 
discovered by Messrs. KJng and Foule, of the Geological Survey of 
India, near Madras. These were all of the ruder romisi, so well 
known as characterizing the flint implements which have excited so 
■nucb attention within (he lust few yeara in Europe. They were all 
fyraied of dense seiulvitreous ijiiavliitc, — 0. roi^ wVm^v w:K>MwA.'-a». 
MMUdve abiuidance iii districts closu lo «\nae Vfaesti \!»'j\*vb».\A»'WU 
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been fbund, \ai which formed a very good nibititate far the (liol 
north Europti. Tbia wjte Uiq fir^t iusUnce ia which, to far aa 
knew, Buch dlone impleiDenla hiul been fuund in India in titu. 1 
cclti, of a totttliy dincrent type and muofa higher finish, and in ci 
ruspect identical with those Ibund in Scotland and Irclanil, had h 
met with in large numbers in Central India, but never actually iinbedd 
iu any deposits. They were invariably found under holy trcca or 
aacreil places, and were objeets of reverence and worship to ttitt |ie<K]| 
who lajuld give no infonuation aa to the source from which tkuy it 
been originally gathered together. 

ThoBU now on the table had boon collected pirtly by himsetC ffu 
a ferruginous lateridc grarcl-bed, which extended irregularly orui 
very large area west of Madras. In places, this was at leuc fifta 
foot below the surface, cut through by streams, and in one such plai 
from whicli some of the specimens on the table were proeurud, the 
■toud an old ruined pagoda on the surface, evidencing that, at tul 
at the time of its construction, that surface was a pcmuuiiint on 
This bed of gravel was in many places exposed on the suifitni, ■ 
had been partially denuded; and it was in sueh localities, whrn: the 
im;ilenients lukd been washed out of the bed, and lay strewed on t 
Burlitue. that they were fouud most pluutifully. 

Mr. OlUUum remarked on the great intentat attaching to sucfa 
discovery, and on tlie probable age of the deposit in winch lhi>y a 
curred. Another point of interest connected with the history 
such itnplenenln vras the remarkable fact that wbtle, tcaitered 
abundance over the districts where they oi«urrud, were noble nuniii 
of what would by many be called Uruidical character- circles of Iwi 
titaiiding stones, cromlechs, kistvaens, often of large siae and w 
preserved, all of wliich were traditionally referred to the Karumba 
a race of which there yet existed traces in the hills, still, all tho wei 
ons and imjileinunts of every kind found in these stone structura 
were invariably of iron. No iiifornulioti whatever regarding tlM 
stone imploioeats could be olitsJned from the peastiutry, who hod bel 

'' ~ of their existence. — Juui: oj (Ac Atiatic Soeitt]/ i 

>razil, — Dr. Lund, a Danish naturaliirt, h 
, , xiuuiit of cave explorations in Itraxil. I 

states, that he found human fossils in eight different localitie*, I 
bearing marks of geological antiquity, intermixed with tboMofn 
mcrouB extinct animals. In the ]irovince of Minas Geras tt« fbnl 
human skeletons among the remains of 41 npecies of extinct W^^^ 
imals, among which was a fossil horse. In a cave on the bordtH 
of a lake called Lago Santa, he again collected multifiirimis hoBWB 
bono in the same condition as those of the extinct animals, antlllB 
considers that their geological relations unite to prove that Iha 
were entombed in their present position long before th° fonnoticmg 
the htke on wliose borders the cave is situated; leaving thus no d 
of their coexistence in life and their association in death, T 
{■eganl to the race to which these human fosails belong. Dr. 1 
obaerviiH that the fonn of i\i« a\wi\i dAfien to wi -v«)s^«>a. <ci«n. 4 
Aokflowledgcd American tvpi;. _ , / 

Jffm Dueoverie* napcct.ntf tUe AiuUnl LoU U«J>*ofcw^i< 
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ropr. — During llie past voir tlie remains of ancient lake-habltflUonB. 
iimitBT to Uioau hi^rt^tulUru dUcuvcriMl in Switzerland, have betn found 
in UavariiL and Moravia. In a (sjusiduraljle iiutiiber of lakua the pile* 
upuu wliicli itie aiicwut popuUcion uruuted their habitiLtiotis arc dis- 
tinctly jprcservcd ; aa^ioL-iated with fnigmenti of rudo potLcry, and 
bones of the horse, tlitt stag, tite ox, tliu wild boar, ajid tlic wolf. 
Host of tbe bonus hme been broken, evidently fur the purpose of 
estnu'tlng the marrow. 

At Olnuttc in Moravia, Prof. Jcittulea has succeeded in discoverini; 
tnras of most ancieiit human settlemenLt with nnmerouR remains of 
animals no longer in eiiattnue. In laying pipes atTOss & "incior"- 
bcd, the workmen found numerous liones, teeth, anil jaws of oniwils, 
to;retber with objects of liiunan industry in booe. stone, bronco, and 
iron. Gigantic teeth of tlie wild boar, numerous remains of the di>' 
niestic pig, bones and teeth of the ur, and the domestic ox, of the old 
hoRte, stags, roex, and otiier ruminating aniiual-i, of the dug, and of 
many other big and small wild and domestic animals were dug up. 
Tbe boni^ of the horde belong to all appearauce to the extinct Hpucioa 
of the Equut angwitidtn»i tliu lower jaw is distinguished by two 
enonnous corner teeth. As Ut the dog, tlie two halves of the tower 
jaw which were found, agree exactly in their dinienaiona with the pn>- 
porlionB, slated br Riitimeyer, of the race of dogs whioh then lived 
ID Switiortand. I'erbapa wo have here the original form of the great 
TBrie^ in the dog species now extant. Moat of the tubular bones 
were nilit open longwise. 

Prehiitoric Remaiit* from Scotland. — At a meeting af tlie Au- 
tiiropologicai Society (London), Dee. 4, an interesting account was 
given by Air. Latng of tbe exploration of some shell mounds on the 
coast of Seotlanil, near Caithness. The iuterestbg features of these 
mounds, were, he said, that tlioy roaemble the ' ' kjokkonmoddings " of 
Denmark, which cunsista of heaps uf sliells and bones, the re&se of 
tlie food of tbe men who are supposed to have lived in the prehis- 
toric period. (For the deseriptioi) of the " kjokkenmuddings," see 
Annuid of Sci, DUcovery, IStil and ISti^.) Fire mounds were opened 
and explored, and the results showed that the heaps had been accu- 
mulated at different periods. lu the lowest stratum were found 
mingled with the shells of limpets and periwinkles, which appear to 
have consCitnt«d the principal articles of food of these ancient people, 
some bones of oxen, of horses and pigs, and stone implements of tliit 
rudest poH^ible kind. Specimens were also found of the bones of a 
bird that has long been extinct. In contmulng his explorations, Mr. 
Lung came to some klsta consisting of slabs of stone jusi large 
enough to hold the body of a man, and inside, covered with sanil, he 
discovered the skeletons of those who had been interred. Most of 
tbem were veryslmrt, not being more tlutn a ft. 1 in. long, and in 
those kists no implements of any kind were found; but in two in- 
stances he discovered kists of a much larger size, the skeletons in 
which measured 6 il. and li ft. 4 in. These were presumed to have 
been the cliiufs uf the race, and buried with one of them were Rltccn 
miJcmenta, of small size and of the rudest character, exhibil/- 
.jwer Jegreo of Art tlian tlie fl'rat 'wa\iVi«QBW*tQMSui'BitUiJlui 
of Qxtiact aaiiuaU in icrtiary gno\ojivji ic^atta. ^xist^*^ 
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the oknlU were exluiiited on tlic table. Mr. Latnf; said tlut the skull* 
of tbe cliicftains preacated llttlo iliOVruni-e trtim those of sucieiit 
British akullsi but the others appeared to be of s lower type, snd in 
Kaemblc, in some panjeulars, Uti) skuUs uf nt>groc«. Among tliu 
■hells ind bones found in the laidUuaa, then wvre two human jaw- 
bones, ouo of which was (he jaw-bone of a child about Rtc years old, 
which bore the tmuls of having been gnawed, indic&tiiig that the 
child had been eaten. 

Prof. Owen said the sbnlls differed in gevcral essential particnlan 
from the form of the Ethiopian skull ; one of them might be mistaken, 
from part of its configuration, for lEiat of a negro, but Ibo small mm 
of the molar teeth, tne ansle at whii-h tlie nasal bones joined eadi 
other, and the extent to which the parietal and aliaphenoid joined, 
showed that it was of a diffuront type. With rtjspert to thciaw-boM 
of the child, he observed tliat he was well acquainted with tbe marks 
made by savages on tbe jaws of animals they devoured as food, anil be 
fbared the evidoacc wbieh the child's jaw afforded tended to prove 
that our progenitors who inhabited Scotland at a remote period mu 
have been cannibals. The dental cavity is lilled with nerve pal] 
' which savagefl relish, and the child's jaw-bone indicated that it "^ 
been broken to extract that substance. 

Tilt Chronology of the latt Oeologieal Epoch. — TTie Swisa 
alisle, geologists, and antiquarians Imre recently endeavored to 
Rome (nleulations respecting the chronology of the perioilB of tito 
geolt^icol epoch, of which various dates liavo beon obtaint.'d. M. <iillie- 
too of Neavevillc (on the Lake of Bienne), has communicated lo the 
Helvetic Society for Natural Philosophy at Lausanne, his gei>logici>- 
an^ueolog^cal researches on the marshy re^on situated between the 
lakes of Neucfaatel and Bionne.Bnd made a chronological rominitatioiii 
giving to the ancient pileworfc or bko-dwelling near Porit-de-Tliielle, 
an antiquity of about 67 j centuries, the establishment belonginj 
carding to its remains of animals and to its other relics, 
settlements of the stone-ago known in Swiuorland. 

All round the lake of (reneva there is to be seen a threefold 17s . 
of diluvial cones or deltas, the edges of which, turned towards 
lake, eonstituto a threefold scries of steps or terraces, at Tttm 
bights of about 50, 100, and 150 feet above tbe present bvet iS 
bke. When eireumstances have been favorable for their preaem^ 
WQ find all tlie three diluvial cones situated behind and above 
other, at the mouth of tbe same walereoume which formed them 
cessivcly, wbcD the lake atooil first about li'iO, then about 100, 
lastly about 50 feet above its modem level. Now these diluvial 00 
•ays M. Marlot, are posterior to the last glacial period, for they 
funned, in great part, of reworked erratic matter, and they ahcnr 
their surface no trace of erratic deposit, whilst they con (requentli 
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n distinctly overlying the glacial formation. It is the gravel- 



of those post-glaeiaf cones wbicb have disdoscd, near Morgoa oi 
lake of Geneva, teeth of the Elepkat primigenim. 

From an examination of these and other evidences, M. i 
shinv.i that the succcaalon of u'(enUHiV\icTeccWu»c<A««n'»!Loria . __ 
l-'i, .-iiihstanlially aa (oUowb: Bnl. a c\ainii^fiisi\ftw!R«.Vr«.!a>s^ 
vAJ j,eriod, witliout grtat glaBWW, toea *!«««>& ^a»aii \wt\(A,<A 
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long duration ; then a second diluvial period, without great glaciers, 
and to which the dill vial cones belong ; then, lastly, the modern period 
represented by the modern cone or delta. This succession of events, 
in the opinion of M. Morlot, establishes a duration of about 1,000 
centuries at least for the last geological epoch, which began immedi- 
ately afler the retreat of the last great glaciers, which was character- 
ized by the presence of the Elephas primigeniu^ and by the appear- 
ance of man, and which ended at the beginning of the modem period, 
the latter having already lasted, in his opinion, about 100 centuries. 

FACTS ABOUT PETROLEUM. 

The development of the business of obtaining petroleum in this 
country has progressed during the past year with wonderful rapidity ; so 
much so indeed that the business itself is now recognized as one of the 
greatest and most lucrative branches of American industry. Respecting 
the origin of the petroleum, its geological relations, and its industrial 
applications and treatment, few facts additional to those already given 
in the previous volumes of the Annual of Scientific Discovery have 
been made known. Many new localities productive of oil have, how- 
ever, been discovered ; and it is the opinion ©f some geologists who < 
have given the subject attention, that the geographicsd area covered 
by oil-bearing rocks on the North American Continent east of the 
Mississippi, cannot be less than 200,000 square miles. Springs 
yielding petroleum in immense quantities are also reported by Prof. 
Silliman and others, as existing upon the Pacific coast. 

We derive the following particulars respecting the present produc' 
tion of petroleum in the oil-districts of Pennsylvania, mainly from the 
correspondence of Ihe New York World: — 

The average depth at which oil is found by boring is from 550 to 
600 feet; in some instances, however, the wells exceed 700 feet in 
depth. Oil is not always obtained at once, but many of the best wells 
have to be pumped for days or weeks, before they commence flowing. 
All flowing wells, moreover, do not flow continuously, and some of 
the phenomena presented are highly interesting. Thus, for example, 
the so-called ** Yankee Well " located on Cherry Run, was sunk in 
July, 1864, and is 606 feet deep. After being pumped two weeks, 
the well yielded, by pumping, from ten to twenty barrels per day. 
Ailerwards, just as the workmen had started to pull the tubing for the 
purpose of improving it, oil cOnunenced to flow without pumping, at 
the rate of thirty-five barrels, increasing at last to fifty barrels per day. 
The flow is spasmodic, lasting from five to seven minutes. The time 
of flow and the interval of quiet rarely vary over one or two minutes, 
then ceasing for about 20 minutes. 

Another well, the ** Gruniger," in the same district, 600 feet deep, 
first yielded, in September, 1864, by pumping, fifty barrels per day. 
It subsequently began flowing without the aid of a pump, from fifty to 
sixty barrels, increasing gradually to a hundred and fifty barrels per 
day. It is now flowing about a hundred barrels, the flow being also 
spasmodic, from three to five minutes duration, commencing every 
twelve minutes. Other wells flow once in a half hour, and some only 
once and for a short period in several days. 

The following isasumma 'y of the result oi o^W3AA!aoa^\i'^^■t^5a!^J 
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1865, in the district of Oil Crepk, one of the most productive of tlis 
Penusjlvimia oil luculitii'ii, atid iimbrai-iRg nu area of 3,3:^4 acnM. 

No. of wells down 480 

No. of wills iiroduL-ing im 

Avenec daily y'lM, bbla 4,3^5 

No. of wtlij to be put down .... 542 
The most noticeable ispcct of an oil well nre a derrick, mn easi 
eouae, and many big tanks, — all very brown and oily, and all euiUii 
an odor whirl, at first nipuljiive, is afterwards bearable, and at li 
becouGs rather pleasant than otherwise. It tlw well is a puminn 
well, tliu rnttlti of the cn^ue and macliiner]' drowns that chann wluf 
in a llowing well, entrances tbe ear of the listener, viz : the latdM 
spoiitaneoiu flow of the oil. An iron pipe trained from tbe 
U> the tank near by, conducts and delivers the precious product. 0) 
of this pipe with a sound like the " blowing " of a whale, piiUatinf^ I 
greater or lesser lolutne according to tbe spasmodic fon;e of the m 
below, the brown, rich fluid rushes into tank afler tank ; plashing n 
Burlace of the rpierroir into yellow foatn, filling the aUnospbore wi( 
,f(as tliat rises and wavers like the heat from a red-bot stove, — tafi 
and day unceasing, — a constant tribute of wealth lo its owners, '11 
taukago □( the wells varies aceording to their yield. Some have laal 
age for three thousand barrcb. As these tanks are filled, tbe oil! 
drawn off in barrels and shipped. 

The hislory of some of ttio principal wells along Oil Creek is briefl 

The "Burned" well, was completed in April, 1861, at a depth a 
S3U feet. On tbe allenioon of April 17, while the workmen wei 
engaged in tubing, a stream of oil and gits suddenly lifted the tool 
out of the well a:id leajHid above tlie derrick in a continuous and iid 
cning volume. The engineer put out his fires, and then, with the rH 
of the hands, fled from tbe sickcuing odor tliat oppressed the air, t 
crowd collected, some one in which, approaching loo near, niddent^ 
ignited the gag, which went oS with a terrific explosion, setting fin, 
of eoune, to the stream of oil issuing from the well. Tbe conflj^nlioa 
that ensued. an<l which continued for lour days and nights, finallr 
destroyed the well. The lives of several persona were lost. Tli« - 
has not yielded any since. 

The ■' Brawl ey "well, began to flow in the siunmer of 18GI, rieldii 
60U barrels jier day. After flowing a year and a half, the yii.^ ' 
to diminish. It speedily ran down to nothing. 

The -Van Slvko" well, -'struck oil " in the fall of 1861. i 
depth of about 5(J0 feet, and first Howed at the rate of 600 barrda 
day. It also eave out in about a year and a half. 

The " Big PhiUips" well struck oil in October, 18«I, at a deptk 
4S0 foot. The cetimated ijuantity of the original flow was from 3," 
to 4,000 barreb per day, T/ie rush of oil was so overwhelming, i 
it was several days before th,; well could be tubed ; 40,000 or SO. 
barrels of oil were lost in the creek before tlio workmen &iiUly 
conlroL The well was 8ubBei\«eirtVf UWs eicvj i*.*iw in;H yield 
at tfiis period) not perinitledl.oft(iwvaiAitr».M'Otv\\vi\Ji»^'&>DH 
ttopriccofoiJ being mIov» as noiw^as- ■Etoii'in-«\«!ff».w»' 



about thb latter part of 1863. In tliis year another well tlic " Wood- 
fartj " wm put ilown near, wliiub tap|)ud the saniu vein of ml, and 
ssMitJjd in diminish JiifT tlii> lluw. . Tbe " BigPltilliiu" is now running at 
the rate of 3^^ barrub per day. It ia belicvud to be tbe only welt 
vfaif^ bc^an IloirinK witliout haviDg been previously tubed. 

Ttw- Woodford ^well,itlludud to alwve, was originally a 1,500 barrel 
w<.-ll. Its yield began to dc<:reaai! iu 18G3. and tiiially ceaied. Being 
remscilatcd, it ia now purapiu;; 50 banvis per day. 

The "Jones" well, put down in the btler part of 184)2, within 30 Tuet 
of tbe "Woodford," tapped the same vein. Honing 4(X) borriiU [lur 
div. Its flow decreased gmduallr until tbu well bad to be pumpvd. 
It IS now doing not.hing. 

The " Noble" well slniek oil in April 1863. Its nuucimuni daily 
yield wiu between 1,90U and 2,000 barrels. It Sowed six months witli 
undiminished volume, when it began to deereosu. It woa tluwin^ 
until tlie 1st of February Itm at the rate of 150 to 200 barrels i>er day, 
when an at-idduiit slopped it. This well is said to hare netlud its 
owners over t U,000,UUO. 

The " Empire" well was sunk in the loll of 1861, and began flow- 
ing from 2,500 to 3,000 barrels per day. The flow eouItuui>d, diiuin- 
^t•blng gradually for something over two years, when it stopped. Thu ' 
w«U uv idle about a year. In tbe summer of 18S4, an air pump waa 
rq^iUed, wbidi caused the well to resume flowing lightly, — five or sis 
barrels per day. The flow then slowly increased to 110 barrels. Tbe 

Olb 
use of an air pump. 

Tbe average actual yield of oil in tbe Pennsylvania oil region is, of 
course, greatly exaggerated in the estimates and imaginations of most 
parties who have read of the subject, and heard it talked of in a general 
way. It is presumed by those who have most closely watched Uie dc- 
vcli^meut of the oil product from tbe flret, that whereas the yield in 
1862 was from 10,000 to 12,000 barreb per day. it is now (February, 
1805,} not more than 6,iX)0 barrels. It Is prvbable that tbe former 
yield even exceeded the amount named, as, during 1802, all the lai^a 
flowing welb then struck were prevented from running their full 
quantity, owing to the merely nominal price of aud demand for the 
oil. Now, all the wells in the region are permitted and aided to de- 
liver to their utmost capacity. 

This decrease in the vield of a territory where, for more than four 
yean, the number of oil wells has been increasing, appears at the first 
glance, unite inexplii^able upon any otlier ground than that tbe supply 
of oil is becoming exhaujtcd. Some hgbt, however, may bo gaiiieil 
on this subject from a brief review of Ibe history of Feunsylvouia oil 
production from the commencement. 

The miuing of petroleum began as a business In 1860, but did not 
prove very successful until 1461. llie flrst well was suuk in 1851), 
near Titusville, Pa. It yielded some eight barrels per day. Li the 
kummerof 1861,anumber of flowing weUii were opened at Oil Creek. 
Tlic consumption of the article was, however, very small, while tliu 
~'~- ' doll was suddenly increiiseil from about laU barrels daily in 
r^ to suuie 2,500 borroU dally in Aujua^, w:AianT«'^iatx'<>^^4^ 
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bam;l» daily in December of t!«: tune yoar. The sprin!i of 18fi3 « 
Bi);ni)lixvtl by a inuch Isr^r ini'rease. The |)rii.-i; of cruilu oil ms i 
ducvd from i6 wnU lu Ivta Uian uiie cent per gallon in the tame tin 
But cxccasire cIicApncss forcciL coDsumption, both in thi« euuntiy ■ 
abroail, wtUi uoporaileled rapiilily, m> that, in die latter montlia df ISt 
tkeru oixnuTcd a large but spiuniadic rise in the toIuc of the oil. 1 
unremuneiutive prices whtchliitdbilherto prevailed dicck»]prwlat'ti( 
caasin^ all emitU vrellR and iDteresU to be abundoncil. The >'«*r 18 
■aw n«ing, alrbough beavil^ fluctuating, prices. This state of I 
market continued, merging into a more even upward graduntion 
vnliic*. through the year 1864, when crude oil sold at one time as hi 
it 13. M per barrel at the welU. 

The large flawing wells have ^nerall^ stopped after 35 or 
montju)' flow. Some few liave continued wiili diminished Tolumc oi 
three years. The pumping wells have averaged about the aaino I 
ration*. In 1863, and untirthc latter part of 1861, comparatively I 
ni'w HclU were sunk. During this period many wi^lls gave out ■ 
many were abandoned. Quite recently, howcv 



tabtiaked. A great many wells tliat wenj considered exhansled Its' 
been resuscitated, and are uow yielding very considerable quantiti 
of oil. The spontaneous flow of oil is undoubtedly due to a preatd 
of gas evolved from the petroleum greater than thciircasure of t 
atmosjihcre. When this greater pressure is reduced by e.^hauatii 
to on equilibrium with the atmospheric pressure, the flow ceases n 
til artiflcial pressure is applied or until a Iresh accumulation of the g 
caosea a resumption of the flow. 

" It may be safely said, then, thatit is, up to this time, not the e 
linustionof the oil. but lUe exhaustion of the gas which elevatoa the o 
that has produucd an eiuborrassmeut to oil mining which thr«si«iM 
at one time to hazard its bucccss, but which is now obviatiid by ti 
application of new and efficient inventions. The many instances 
which wells have been resnsritated after apparent failure have led q 
serving oil-_producers to believe that good oil lands will yield (he ■ 
tide to an indefinite future period." 

THE ROCK3 Hf WUICU PETROLECH IS FDUXD. 

Mr. R. p. Stevens, of New York, a geological expert, cantribiit 
to the Sricniifie Amenean the following dencription of the rock* 
which petroleum occura in the North Americau Continent. ^ 
lowest geological horizon, or stratum, in which petroleum is found 
conunurcial miportance, is in Canada, at Ennisfcillen, near Lake E 
Clwr. The oil is in the comiferous limestone. (New York nama 
claturo Devonian System), which is largely composed of 
corals, with sea sbefls cemented together. The cavities ol tnesc eo 
and sea shells are often Glled with liquid bitumen, which dtatUa fi 
them. OS cou be seen in the walls of the Second Frcsb}i«mD Cfau: 
■11 Chicago, This limestone in the United States " ■ ■- 
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H>ut 'MM or 4U0 feet tliick. Immediately overlying the 1 

u Marcellus shale, which is so highly charged with bitumen as ta I 




it. 1(15 about oO feet Ihji^k in Cunailn. These hro rock foniLitiond, 
llii-a, whii'li ill Canada arc not over 160 feet it) thlL'kni-HB, arc Ibc res- 
ervoirs, holdingrx'koil,howeTcr«iidwhL'iii.-Terfonned, in that country. 

Ascending intlic |;eoiogiciil scale, and passing over into Ntw York, 
tbe nvxt elratuniorrock yielding bilutiien, oil and gas, is there kitowii 
ss tln^ llamihon Group, about t,IKXI Ibet thick. Tlie oil spriiign of 
'W<'rt«ni New York, aloog the bajiks of its auuierous laki-s, are mainir 
in this group of rooks. TUcy bave »a yet yielded oil only in snmll 
qtuuillties for medicinal purposes, But tlicy aObrd ample sco]ic ind 
ycTge for explorattoD. 

Above this group succeed blacrk ahnlcs, known as the Genesee 
Sktc, 300 feet Uiick, Tbe wells of Wecfft, Ohio, and others of that 
region arc most probably in Uiis ro^k. Above the Genesee Skle 
nxuea in tbe Portage Group of slale« and sandstones, 1,700 fuut 
thick. The dn-per wells of Oil Creek, Pa. will reach the saudstoucs 
of this group. 

SiSil above lie the rocks of tbe Chemung Group, which are mainly 
cooipOBcd of tliin-beildetl slates and limestones. In its maximum it 
ii 8,200 fort tbick. but in Western New York and Pu[in»ylvania it li 
anich lldnner, bcine only about 1,000 feet thick. Much of tbe oil of 
Oil Greek is from this group ; 400 and 500 feet of it are seen in the 
diSi and bills of Oil Creek, the Alleghany River, and its tributariea 
tbove. and b Venango County. 

Measuring the maxiuiuio development of all the rocks enume- 
rated we find between tlie oil of Canada and Veuango Count}', Fa, 
6.000 to 7,000 feet of scdimentHrj' rock, all of which bear the ap- 
pearance of having been deposited m sea water. The entire croupof 
nx'ks enumerated are known as tlie Devonian Series in England. 
Tbe oil springs of Eastern Canada and New Bnm.nwiek, along the 
Gulf of Newfoundland, are in the upper members of this scries. 

Leaving for the present those 1>orti^na nf the United Staie» where <m1 
boa li«en most successfully found, and before roming into the Eeologieul 
Mrala nf the thiek and heavy oil!i, we h:ive on ihe eantem flunks of the 
Appalachian Mountains, in PennKylvdnia and Vii^nia, dfiOO feet of the 
Ojiskill group of rock*. (Ponrnt of Prof. Hogers.) Lapumg around the 
routhemoutcTopof thecnalmroKuresof Tennei'ace,Kentucky,anil Illinois, 
there are 200 feet of the lower carboniferous and 3.000 feet of the middle 
carboniferous. (ITmbral of Itogers.) .\ loial in tbe agfpegate, as mean- 
ured in Nova Scotia and the United Suites, rf 1 .SOO feet. Throughout 
the whole of the teriei oil and gas tprings are found. 

We now oome into the true coal measures. Thrae are divided into 
lower, middle, bnrren measures and upper, a totid of the bituminous 
|)orti'in of 2,500 feet The lowest member of the coal seriea <sip« the 
highest hills, near the mouth of Oil Creek, and lies about 600 feet ubove 
the bi-d of the creek, or 1,300 feel above the third sand rock, which ia 
the mot abundant oil-producing )!truCuni. At the Kiskimineta!t. Slippery 
Itock, Uuller Co., Pa., Beover & Smith's Ferri-, oil is in the lower coal 
measures — 600 feet thick. High up the Ki.tluinlnetaa and on the Mo- 
nongnlirla River, oil is found in the middle coal series l.nOO feet thick. 
At Aliirietla, Ohio, and in the oil region around the straU of the upper 
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ured vertically in the |;eo!cig!citl Kale, and K^;;raii)iicnll)' from 
Seolia to Lnke St Cluir, and from Virfptiia to 'i'ennessee Rirer. 
pe<iKm|]hicnl area, covered by the oil'beirinj; pnuji of rocki ii 
United Stale*, Cnnads, New Brunawick, and Nova ScotLt, cjiinot be leti 
than 200,000 Bquare miles. 

Over IhU sieai wherever oil and gas springs are found, there ve amy 
reawHiablj hope for euccesB b Inriiig deeply for oil But oil aiid g-if 
BpringH are not nlwaya sure inditutions of subterraneous supplies of oil 
in their immedinte vicinity, for the course the fluids may have punued 
from deep depths to the surface may have been very tortuous. Keitber 
a the absence of such springs absolute negative proof of oleaginouit accu- 
miJntlons bmeath, for in many very notable instances, such as the 1o>et 
pnrtion of Oil Creek, and at Smith's Ferrj-, on the Ohio River, leij 
copious fountains were struck where no surfice sijpis ivere visible. 

1 dtiduce the following practicjl iind economical conclusions: Fistl, 
Ejch widely-sepn rated lor^lity must be governed by its own Liv> as 
develojied by boring and obaervatjon. Second, Each Kenlogical horixoo 
or str:ituro of uil-bearing rock received its supply, not trom sniillier, but 
from cauw« opeoling at the time of its own deposition. Third, There ii 
not now any reproduction of oil, but we are drawing from founWins filled of 
old. Pourth, No stratum nf rock is so thoroug)ily snluiated witli oil as 
to form « subterranean sheet or belt of rock* where petroleum is surely 
to he found, but in frequently isolated cjvities, or fissures, at vurious 
depths and of %'aiious cixcs, and containing diverse grades of oik. 
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le to SilUman't Journal by Prof. J. 
Whitney, wc derive the folloniug summary of facts dcvclu[M9d in 
geological surv*^ of California ; — 

In the mountams of the Sierra Nevada, abundant proofs have been 
obtaincdrespectingtbeformerexisttiQeeofgUders of great magnitude. 
Tbouaanda of acres of grauitc retain the most exquisite glaeuit polish, 

and the existence of lateral, medial, nnd Icnuinal ' — ' 

easily observed as in the Alpa at the present day. 

Perhaps tlie moat striking result of the survey is the proof of 
immense development, on the Padfic side of our eontincut, of r 
etjiiivalent in age to the Upper Trias of the Alps. It in bcliuvcd .„ 
this fonuation extends from Stexieo to British Columbia ; ocvtwyinf 
vast Brea, although mneh broken up, interrupted and covered by « 
canic nnd erujitive roeks. and usually much metamorphosed. 

Aecompanying this Triassie formation in the Sierra Nevada tm.\ 
extensive development of Jurassic rocks. Knough, bowerer, 1 
been found to justify the assertion that the MMlimentoiy poKioa | 
the great molallircroiis belt of the Pacific coast of North 1 
cLioUy made up of rocks of Junusie and Triassie age, w 
atively small development of carbonifercus limestone, and that tJ 
two formations are so folded to;;ether, broken up, and mctamorplivsed 
in tbo ^at chain of the Sierra Nevada, that it will bo an i'riiTHTWfi 
Uhor, if indeed |iossible at oil, to unrjvel its detailed atnic;tun. 
While wo are fully justified in saying! that a lor^r/iaWion q/'Uaal 
triiiu Tiirta of California eonsiiil of melnmorpliic TriauictmdJmi 
<M! (fro/a, we have not apvlJdo of evidence to uphold t' 
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i> been io often maintalneii, that all, or eren a portion, of the 
itferaus siMes are older tlmn thu carboniAirous, not a trace of a 
DercDiai] kod Silurian fnssil ercr having been discovered in Califor- 
nia, or indeed anywhere to the vrest of the tIGth mtridioii. On the 
'Hbcr liaiiil, we are able to state, refurring to the theory of the occar- 
icnce nf gold beina chieHy limited to Silurian rocks, that tliiij metal 
■K!ean in do incoiuidcrsble quantity in nietamorpbic rocks belonging 
■s high up in the series as the cretaceous. 

The cretaceous formation in California is also eitenaive, and em- 
.>r«<va to a great extent tb« coa&t ranges of bnth Calilbmia and 
jrt-gon. The formation, however, bo far aa known, is represents d 
on the PaeiQc coast by but a single oiuuiberi — the upper or white 

In regard to the relative ages of the dilTurent mountain chains of 
the Pacific coast. Prof. Whitney says ; — 

■■There can be no doubt that the chain of the Sierra Nevada Ii 
older than the Rocky Mountain clinin, or that gi-oup of chains or 
ranges which forms the eastern border of the great mountain region 
at tiie western aide of the continent. Tlio great maaa of the .Sierra 
was uplifted and metamorphosed after the tj^miinatinn of the Jurassic 
epoch, and prior to the dtiposition of the Cretaceous, for vre find tlie 
last-named formation resling horizontally and onalteraU on the dauka 
of the Sierra, all through Central California." 

'■ We have recognized at least three distinct periods of nplicaval 
and metamorphie action in the coast ran'res. The main one 
was at the close of the Cretaceous epoch; the next io importance 
was after the deposition of the Miocene tertiaiy, — or, at least, 
of a group of strata which, for the present, may he referred to that 
age. The next in ago is a system of east and west npheavals, which 
took place et the close of the Miocene ; and the third is one which 
a[>pear9 to have commenced during the later Pliocene, and U> bo ittill 
goine on. 

•' It i» a very interesting fact that the exterior of the coast ranges 
— that in to say, the moimtains nearest the Pacific — are of earlier due, 
or oldyr geologically, than the interior ones, or those which border 
the Sacramento and -San Joaquin valleys. This is a renetilion on a 
smaller scale of what has been the course of events in the fonnation 
of the whole continent, the exterior lines having been first marked 
ont. anil the interior filled up niterwards." 

The vast detrital deposits on the flanks of die Sierra Nevada, whera 
hydraulic and tunnel mining operations for gold are carried on, are of 
tertiary age. It has been assumed thnt they were of marine origin, 
hnt an examination of them has prored to the contrary, as is proved 
by the fact that, although frequently found to contain imnressions of 
leaves, masses of wood and imperfect coal, and even whole buried 
forests, as well as (he remains of land animals, and occasionally those 
of fresh water, not a trace of any marine production hu ever been 
found in them. 

Again, these detrital deiHisits arc not dislrilxited over ihe flanks of 
the Sierra in any such way as they would have been if they wcrv the 
result of the ai'tion of the sea. On ihe eonirnry, there Is every njr _ 
Kin to believe that lUej^ consist of mutiTinla ivliich have been bmu^ ^ V 
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down from ibc mountain Lights above and deposited in pre-cxiaL,, 
valle.va: si)iiit.'liint-fl Jii very niuTow accuinulations, limple bed* 0, 
kiidcnt rivers, and at otiicr tiauja lu wide Ukc-liko expuuiotw of b^ \ 
luer wati-'rcoiirsee ; and this under tlie action of cause* simtUr Ui iliii \ 
DOW exiatinff, but probably of considerably gn-atur btGnnCy, IIm 
deposition i^ detritus, for the most put auriferous, took place dnrinx 
the Inter Plioceneepoch, and not as late a» tbedrillordiluTial perioC 
as is, abundantly proved by tlic eluLraeter of the remains of platiM and 
land aiiiniaJs wbieli are imbedded in it. TLe dejiosition of tbU aaiif- 
croua detritus wu succeeded, tlirongliout the vliole «xtinit of the 
Sierra Nevada, by a tremendous outbreak of volcanic enerKV, duHn;; 
which the auriferous eravel was coveriMl by heavy accumui^ous of 
volcanic sediments, aalies, pumii-c, and the like, fliuilly winding tqihy 
a l^neral outpouriuK of lava, which naturally flowed Irom fiie summiti 
of the Sierra through the valleys, into the lake-like expansions, filling 
tlieui lip and covering over the aunTuroua graveU, which wore to tv- 
main lor ages, as it were, in a hidden treasure-chamber, cuneeak-d 
under hundreds of feet in thickness of an almoKt indeatractiUe nia- 

Tbe clleet of the denudation which has taken place since ttwM 
streams of lava flowed down tlie mountains, has been most excntonli- 
nary. For now, these di'posita of gmvel and overlying volcaiue 
materials, instead of oeeupyine the depressions of the lurface, an 
Ibund forming high plateaux oetwecn the present river canons and 
flat-topped rii^ea, known as " Table mountains," hundreds or em 
thousands of fcet alMve the present river beds. Thus the topography 
o( the country is exactly the reverse of what it wbji at the commence- 
inent of the present geological epoch: nbaC were once valleyi an; 
now ridges, and the ridges of ibrmer times were where (he im- 
mense caiions of the rivers flowing down the western slope of the 

The Mammalian remiuns found in the tunnel and plA<^r digging* d 
California seem Id belonjr to two distinct epochs. The oldest repT^ 
Bents the I^ioccno, the other the roHt-tertiary- Tiie former are foa 
under the volcanic beds, the Litter in deposits which have li«cn fbna 
since the period of greatest volcanic activity, and which apparcai 
belong to the epoch of Man. For it i "' ' '' ' " •• -= 

by litis Survey, when fully laid befoio I 
tion Ihal Ike niiiilodon and elephant, trhose remju'ttf are to teidd^ m 
abmdmitli/ icattirol Ikrough Catiforaia, havt been colePtpom 
vilk Man t* that region. 

Thf Highest Mouulaiiu in the Uniled Stale*. — A reconnousanca « 
the Sierra range, between the parallels of 34!° and 38°, recently ui '~ 
taken by Messrs. Brvwcr, King, and others, shows that ^lis [) 
of tlw Stale of California, previously unexplored and unknown, oi 

the greatest mass of mountains, taking widlh and avenue elt. 

into consideration, which has yet been discovered within the lintita S^ 
the United StUes, and perhaps on the North American Conttncnt [ M 
one point, within the field ofviewuf the explorers, there were observed 
6re iDouniains of over \4,t.^U» kvV v:Vviii,t.wu-. and about 00 peaks 
w^ieh K>se to a lught of over \*,WW le*fl.. T^us ^^'QuuKKo.^^nsik 
rflta fiien» Kerada in Una Oirt««. -waft.^! 



■horl of 15,000 foot above tho sea level, which in consiilcrably higher 
than Mt. Shusta. hitbtrlo ri-gardrd a^ the most lufty peak Id the 
Uuitoil SlalL'B. Prof. Whitue^ also fltates, tliBt it is by no mpoiu 
iiupossililc that some other points of the range an> even yut more 
cle sated. 

These ^^at monntainB lie for Lhe moat part betweca the heads of 
King's and Kem rivers, nomcwhat north of the north end of Oivcn'a 
lake. Between the peaks are vast siiow-ficlds, and ahio niimberlosB 
deep hikes, of which the most elevated are frozen, The sides of thuse 
mountoiiia are clothed in part with anew, and as yet not named, spe- 
cies of pine, of a peculiar black, or bluish-green color, whii^h color 
"rather augments than relieves the desolate naked aspect "of the vast 
mfissi's of granite ami snow. 

oy TUB GLACIAL EPOCH. 

The following is the ahstnict of a lecture recpntly Riven on ihp above 
■utijeot, before the Koral InaiitutioLi, by Pn>f. Fnnklnnd. He referred 
to the Cict, that in every part of the gMx, indubitable evidences are found 
of the chnmcteriHtic Ending and polishing acuun of ice-maises, and (hnt 
a recent viiut to Norway hnd led him to devote much attention to the ex- 
amination of the causes of the formation of these mighty agenln ; since 
n (hat the cLiCiers of the present 



n research has led l( 






of Scotland, formed the fjords of Norway, and largely contributed featui'e* 
in our own mountain scener)'. 

Two thousand miles of coaat, from Chriatiana to North Cape, are ice- 
■coned ; the rocks rarely rising above 700 feel or 800 feet i and not pre- 
senting a sharp, rugged outline, but baag polinhed and smooth to tiieir 
summits. When, however, the Atclic Circle is approached, the scenery 
is chanp^, the hilli livcnme moitntain?, with peaks which have owed their 
jmmumty from the abriding influence of iceacdonentirely to their hight, 
the lower parts being nmooth and polished, while the upper retain a variety 
of &ntnslic Khnpes. Prof. Prankland referred to the following theories, 
which he considered to be untenable on geological nnd physical grounds : 
1. That the temperature of space is not uniform, and that our solar system 
*ameiinies parses through colder re^^ons than at presenL 2. That tho 
heat emitted from the lun ii subject to variations, and that the glacial 
epoch occurred during " a cold solar period." 3. That at one time, a 
dilTerent distribution of laud and water had rendered theclimate of certain 
locjlities colder than at present. 4. Karrutz's idea, that at the time 
of the glacial period the mountains were much higher thin at present 
(Mount Blanc, for instance, was about 20,000 feet), the secondary and 
teidory formatiin having been eroded from their summits during the 
gl.iciol epocL Prof. Frankland stated that his own theorj', based upon 
Dr. Tyndall'd researches on radiant beat and aqueous vajior, assumed the 
fonnatjun of glacierB to be a true process of distillation, requiring heat as 
much a* cold nir its due perTomuncc. The great natural a]>|Mr3tus would 
be the ocean as the " evaporator," the mountuins being the " ice-bearers 
^_^ reoeivtrs," and only in a subordinate sense the " condensera," the true 
^Kjleondeaser " being the dry air of tbc up^T ^tV <£ \]a% «\TaaB^aKt«>, 
^^mldi permits the free radiation tnloHuacc, ot >.\w^vcM.^Ttim'iQK«if»!»^ 

■ " u 
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vnpor. This theory wai iUoitrated by experiment, the radiation nf htat 
from aqueous vapor being proved by the gaiva no meter, Prot Fruik- 
land, at iwine length, adduced his rensoiis fur believing that ihb llieo 
took cngriiz[inc« of the following pDinU io the hitiory of the gha 
epoch. 1. That ita effects were felt over the entire globe, 2. Ttiit I 
occurred at a geological |ieri.>d. 3. Thnt it was preceded byajicziudti 
indetlnite durnlion, in wliich gUdsI action vas entirely wanting, € 
inni)^iiflc^nL 4. That during Its continutmce, atmospheric nrecliiitatil 
ivas much greater, and the hight of the snow-line oonsidenibly let* iT 
at preiient. S. Tbut it was f.illowed b^ a period up to the pKs 
Ijine — when glacial action became apnin uisigntficanl, — the sole cium a 
the ])henomena of the ^oclil epoch being due to the oceans, then haniy 
a higher tempcratnre than now, and when the globe was cooling down, 
the Tond enoling moie rapidly thun the xeo. In conclusion. Prof. Fiank- 
Ijiid expressed ni<i opinion that the moon had also passed throujjh a kI>- 
cial epoch, and that the valleys, hills, and etreaka of iis sur&ce (wf' ' 
were sliown in a magnilied jihoiogniph by the electric lamp), were 
improbdhly due to glacial action g eddinfc, with reference to the appa 
desoliitc condition of the moon, that it is probable ■' that a liquid oi 
con only exist upon the iurfoce of a planet bo long aa the latter retainaB 
high internal temperature ; (hut, therefore, the moon becomes a propb 
picture of the ultimate fate awaiting our own earth, when, depriveu o 
external oceun, and of all but an annual rotation ujion its axis, it shall n 
Yolve around the sun, an arid, lifeless wildemesK, one hemispheri 
posed to the perpetual glare of a cloudless sun, the other shrouded il 
eterniJ night. 

THE ISCUEiSCa DESICCATION OF INSKR SOCTHEEN AFKICA, J 

A paper on the above subject was read by Mr. J. F. WdsoD, at tht 
last meeting of the British Association. A very noticeable &ct has of 
late years aitracled the attention of residents in South Africa, — namely, 
the gradual o'rying up of large tr.icts of country in the Tians-Gsricp 
r^ion. The Culalinri Desert Is gniiiing in extent, gradually awoUowiiig 
. up large portions of habituble country on its borders. Springs of water 
have diaiitnahed in their flow, and [lools, — such aa thut at Serotli, de- 
scribed by Livingstone, — are now either dry or rajndly becoming ao. A. 
long list of springs and pools now gradually drying up was given W the 
author of the pajier. The great ctuin^e, however, liad commenced if we 
may irutt native tradition*, long before the advent of Europeans, whi^ 
are corroborjted by the existence of an Immense number of stump* and 
root! of acaciLD in tracts where now not a single living tree Is to be teen. 
In seeking toaccount for this, it was Decessary to dismiss from the mind 
all idea of cosmical changes or earthquakes, of which no tijce is viable n 
Suuihero Africa. Tlie causes li<- in the physical characterieties of tlw 
country and in the customs of the inhabitants. The r^on drained t^ 
the Orange River is luturallj' arid, from the inlerpoaition of the Quath' 
tnmbn Mountains between it and the IndinD Ocean, whencft the chkf 
rain-clouds are derived. The prevailing winds are from the _.. 
The clo<idt heavily laden with vapor from the Indian Ocean, are 
over Cnffraria, watering thes)- lands luxuriously : but when the ttu 
bearing nimbi arrive at the summitH nf the mountain ranf>e which di* 
dflrana &om the lalerior country, they arc out only deprived at 



riatum^ 





of part of their moislurc, but they meet nith the rarefied a 
tnl pLiins, and onnsequeotly rise liiglier and eraporate into 
There are fev fpols, however, which are wholly de^iCitute of vegeLitioj 
and liirge (reea are frequent. There is no district which d<xt d~' — " 
lain its flocks of wild animals ; but the dtminutinn of even one or two 
inches of rain in ibe year is most severely felt. The author came to tlie 
concliuian, lifter a carefUl inijuiry into the geological formations or the 
le^-m and the Hources ofnprin^, that miieh water muEtC liei throughout 
wide tnicta, deep below thu nurface of the soil, and thut the Imriii'c of 
artciinn wells would ineld a permanent Bupply for irrigition. Bui aa a 
remedy fur the growing evil, he luid particular atreEUi on legisbtivc enact- 
ments to check reckless felling of timber and burningof paxturea, wh!cli 
hud lonff been pracliaed both by the natives and the Eurojjcan coloniKta. 
Sir J. Alexander quoted instances lo show how the destruction of 
trfca led to the desiccation of countriea, esi-ectally in or near the tropical 
mne. The protection of forests on hillsides, it was shown, hid lonjt been 
part of the jjolicy of the Indian (iovemment Cipt. Jeiikba cited, a» 
coming vithin his own ex|)eritrnce, the instance of the aiid tenitoir of 
Ihe Imaum of Muscat, which in a few years, owinjt to the wise fore- 
thought of the Im:ium in extensively planting cocoa-nut and data-palma, 
bad mucli increased iu humidity and fertility, 
OS A 

In a paper read before the British Assoeiation, 1864, — on tho 

country west of the Roeky Mountains, In British Columbia, along the 
liiic of the Thompson River,— by Dr. Cheadle and Viscount Milton, 
the authors stated, that a great portion of the country lo the east of 



at-ter by the ageney of the beaver, which formerly existed here in 
luous numbers. Tho sballovf valleys were furraerly traversed by 
-s and chuna of lakes which, dainmed up along their course, at 
erous points, by the work of these animals, have beuuiue a 
Bcrics of marshes in various stages of consolidation. So complete 
has this L-hansc been, that hardly a stream is found for a distance of 
^K) miles, with the ex(!C|iti(>ii of the largo rivers. The animals have 
tliuB destroyed, by their own labors, the waters necessary to their ux- 
istfuco. In the Thompson snd Frazer river valleys, the travelers 
noticed a aeries of raised terraces on a grand seue. They wero 
trailed for 100 miles along the Thompson, and for about 2U0 miles 
along the Frazer river; forming three tiers on each side of tho valley, 
eai^htierbeingof the same higbt 0.1 the corresponding tino on the oppo- 
site side, ^e lowest terrouu was of great width and preseuted a pL-r- 
feelly level surface, raised some 30 or M feet above the water. The 
sceond was seldom more than 100 yitrds wide, and stood at about 50 
or 60 tuet above the lower one. The Uurd lay at a hipht of 400 or 
500 feet above the river on the fkee of tlio imiccessible bluffs. They 
wi're nil perfectly uniform and free from the roeks aud boulders wliicb 
encumber the present bt-d of the river, facing composed of sand, 
gruvel, and sliale, the iletritus of the neighlionng mountains. The 
explanation of these phenonieiin is to bu songht in the barrier of thi- 
lofty eascade chain of uouutalus, through which tho Fraxur hiui 
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fiierced a wav lower down the volley. At a Ibrmer period, tbe ti 
B)'B of the I^razlT and thu Thompson seem to have beeo owupied I 
ft aucccasion of kkes, the ciucadi; ridge then running a barrier wbj 
daminei) itp this gruat volumu of Viiler. The lii<;hedt tier of lemM 
would mark the level at whii'b it then eEoud. Suate (^logical r« 
vuUiuu caoscd a runt in the muuntain barrier, allowing the waters 
. leam partially, so aa to form a chain of lakL>d at the Icvt'.l or t 
middle terraces; and aubgequently, after Ion}; m^rimla of repusc. t1 
other sirailu' disturbances auecesaively deepened the eluft, and draiir' 
Uw waters finrt to the hight of the lowest terrace, and floally to th 
prc^nt level. 

OROAXIC BEUAINS IN THE LADttESTlAS BOCKfi OF CAHAI 
One of the most iutcreating of recent geological (liscayeries 1 
been the detection of the remains of a prutoxuiu aniiuai in loi 
scries of the Laurcntion rocka of Canaila, which are aiuon« the oldi 
of the sCratifitrd rocks which have been deaignatud as Azoic (w» 
~n life). The facts relatin;; to this discovery are substantially 

The oldest known rocks of North America, composing the Li 
rentian Monntaina in Canada, and the Adirondocks of Aew Yoi 
have been ilivided into two unconfonoabte groups, which hare be 
called the Upper and Lower Laurentian respectively. In. both dii 
ions zoucs of limestone are known to occur, and tiuve of tin 
xoaea have been ascertained to belong to the Lower Lanrcntii 
From one of these limestone bands, occurring at the Grand Caliin 
on the River Ottawa, Mr. J. McCulloch obtained, in 1868. aueciiM 
apparently of organic ori^n, and otiier specimens have alsa' b« 
obtuncd from GrenvUle and Burgess. These specimens conriat 
alternating layers of calcareous spar, and a magncsian silicaM (aill 
serpuntnic, white pyroxene, phyrallolito, or Lo^mle), — the UtI 
loinerob, instead of replacing tiie skeleton of the organic form, rod 
filling up the interspaces of the calcareous fossil. Dr. Dawton 
Mautreiii, carefully cxiuniiicd tike laimnatiid material, and he 




to consist of the remains of an organism which grew ii 
sile patches, increasing at the suriace by the addition of 
lAfen of ch iinbers separated by calcareous laininEC. Slicei 
microscopically showed largo irregular chambers with 
rounded extensions, and bounded li^ walls of vanable 
which are studded with septal orifices irregularly disposed; the 
er parts of the walls revealed the cxisteni.it of kiuiidlciof fine' 
ing tubuli. Dr. Dawson, therefore, concludes that this aneienl 
ism, to which he gave the tuuno of EotoSa Canadeiut, 
Foraminifcr allied to Carpentti-ia by its habits of growth, bat 
more complex structure, as indicated by the complicated systcnu 
tubuli ; it attained an enormous size, and by the aggregation o~ ' 
Tiduals, assumed the aspect of a coral reef. In a paper iwtd ., 
the (London) Goologieal Society, Nov. 1864, Dr. Carpenter, 
eminent EugLish microscopist anil physiologist, comiburated 
iJdwsou's observations oii live aVraW-uvii omil. nlfiivitiiM of A'omtfn, 
«latu<I also that, as he cuvisiiicrcA \.\ui tW^ai^Wt* iMtttv^KAVj ' 
b'uute structuru o£ Ibu sUu\i Vu \w >il ^'tvu.w^ " 



GEOLOGT. 30J 

plan oE gromb to hive a verv subordinate tuIug, lie did not lic^ilite 
U) exprvM bit licliff in ila nffitiilie!t to Xumin'iUnii, Mi-. .SWTry 
Hunt alHO etutci] that tlie tniuorj siliuatos, oormnn;.- In Un' rli:iiii!H.-r!t, 
i-elis, and canals li-flTatant by thu ilisappfitrani !■ nl" tin- .,iii,;i.iliii.itlcr 
of tlic Eoioin, and in many easvs even in t|]<' luljiili. lilllti : ii|i ihciir 
sinallust ramififations, arc a wliite pyroxonc, a ]>.ili.' ^i-i'i'ii .-^I'l'iivnliue, 
aud a dark green alumino-uiagni^iaD miner^, wliicli liv ■vli.Tn.il to 
Loganltc. Tho calcareous Htpta in the lost case are doloinitic, but 
ill ibe othtT instances are compoaed of nearly pure earbonatc of lime. 
Ur. Hunt then ihowod [hat ^i^ vanoas sihcatei already mentioned 
were directly deposited in iratcrs in the midst of which the EoziiSn 
was still growing or bad only recently perished, and tlut tbey jiene- 
tnied, enclosed, and preserved the stnicturo of the organisms pre- 
cuely M carbonate of lime might have done ; and he cites these and 
other bata in support of his opinion that these silicateil minerals were 
funned, not by subscciuunt nietamorphlBin in deeply buried sediments, 
but by reat^tions going on at the earth's surface. 

FI8H THROWN UP FROM ABTE^IAN WELL.S. 

The statement has been frequently made of late years that witli the 
watvr thrown up from many of the artesian wells, roceutly bored by 
the French in the uortbcni district of the Sahara desert, small lish have 
been ejected, from depths of 150 to iiOO feet. This statement, vrhiuh 
has bMU generally discredited, is now, howcTi^r, proved 1 1 be tnie ; 
M. Desor, the eminent Swiss naturalist, who has recently returned 
from au exploration of the Northern Sahara, testifying to its authen- 
ticity. Uc states in a recent tetter, that he '* found the Ash in the 
ftwum leading from one of the wells, at the oasis Ain-Tala, wberatbe 
fish were oliserved when the water Hret rose to the surface. It. is im- 
possible that these fish should come from any where else than from 
out of the well, ibr the water stands in no communication with either 
basin or river. The Ssb belong to the family of cups, and if I am 
not mistaken, to the proper species of Cyprinodon. The most curious 
thing is that theHC San, although coming from the interior of tlie earth, 
Irum a depth of mom than 150 feet, have nothing sicUy or missbapea 
about tbeiu ; they are of a most remarkable liveliness, and, what is 
especially worthy of note, have fine, lai^e. completely bealtliy eyes. 
You know that the fish and other aquatic animals wbieb are found in 
tb« subterranean ponds o( the AdulsDerg Cavcm in Steycrmark, and 
in Uie Alanunotb Cavern in Kentucky, are all blind. Their ocular 
organs are stunted, and ollcn nothing is left of the eve but the optic 
Some naturalists therefore, have tried to etasaify tliem 
I of their own, while others msintai 
of the ojiportunity to exercise its fuoctii 
»t, and become defective. B 
ir of the earth, with perfect eyes. How 
I confuas that this iilicaoraonon pmizles 
have lound the key to the ridiLle. The nibterranean basin, which 
feeds the artiiaian wells, must be of consiJerahte dimensions, as the 
9 of many square miles, wherever it is 
I wells, lucre ate ^nia m scnctA oawu, 
il ofUrlana, fed by rich Bourctta, sjA Itovii -rfm^ t«i 



[lecies of their own, while others maintain that every organ dcprivi 
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bronks spread in <lLQi'rcnt dircctiona. Tlicso [lonils harbor the same 
little Cvprinodonta wbii-h ri»t^ in the wal«r of the artesian wcU*. bj 
which I conclude that a sutiterntneiin eonncction cxi^tji between mi! 
ponds and the wells. Probabl)- they visit tbose poniU periwiicall 
perhaps to spawn ; thia would explain why their eyes, aud their torau 
tion in general, show nothing abnormal. 

DISCOVEttT or EHBKY IN TBB CNITER STATES. 
It has been remarked that " a good mine of emery is worth moi 
to a maunraetiiring people than many mines of culd." At a recta 
meirting of the Boston Society of Natural History, l>r. C. T. J: 
announced the diacovery of an apparently inexhaustible miae < 
emeiT in the town of Cbesler, Western Alaaaachu-tetta, on the UtMi i 
tho Springfield and Albany railroad. For soma time the existence 
mafrnelic iron-ore was recognized in thia locality, and the ilepn 
worked to some extent, but on examination, Dr. Jackson fonnil tb 
the ore in question was in great part puro emerv. The principal b( 
Ha in some places ten feet in thickness, and has been traced some ti» 
miles, In appearance it resembles tho emery of Nnxos and practk 
tests of it in grinding Bword-bladcs at the Ames AlannTacturing C 
at Cliicnpee, are said to be eveiy way satisladory. 

MrCEOSCOPICAL STBDCTIJBE OF METEORITES. 
Mr. H, C. Sorby, eminent for his application of the principles 
physics in explaining geological phenomena, and his study of tl 
inii'roscopicot structure of crj'stals, has turned his Bttenrion to ll 
strurture of meteorites. In a paper reeuntlv presented Ut the Roy 
Society he says that, in the first place, it is miportant to remark tb. 
Uie olivine of met«oriteB contains most excellent "gUus cavitira 
similar to those in the olivine of lavas, thus proving that the msteri 
was at one time in a state of igneous fusion. The olivine also ca 
tains "gas cavitica" like those so common in Tok-anic minerals, ihi 
indicating the presence of some gas or vapor. To sec these cafiti 
distinctly, a carefully prepared thin section and a magnifying pow 
of several hundreds are rujulred. The vitreous sut^tanee found 
the cavities is aleo to l>e met with outside and auiongi't the erystjti 
in such a manner as to show that it is the uncrvstallinc residue iif ti 
material in which thev were formed. It is ot a claret or browni 
color, and possesses the characteristic structure and optical 
of artificial glasses. Some isolated portions of meteorites have ■!» 
structure veiy similar to that of stuny lavas, where the shape aud n 
tual relations of the en'stals to each other proved that they wi 
fonued in *tfu od solidiucatlon. A structure is also found so rema 
ably like that of consoUdated volcanic ashes as to be taken for it. 
would appear that a^r the material of the luutcurites was imjli 
a considerable portion was broken up into small fragmenta, aub 
que ntly collected together, and more or less consolidated by uic<^ 
ical and chemical means, amongst which must be i^tassed a segr^ 
tion of iron either in the metallic state or in combination wilii <^ 
su))eUnces. "There are," sajs Mt. Sorby, "ecrtain peculiaritii 
in phvsicai structure wlucli eonntid mtWoTAei V\>i) '«oV-&i»cvq^&,u 
St tbe some tiiue, others in w\i\c\i liic-,- iiSw mosV <i>aiwM£ra»w:a^ 
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fsiHs wbirh, I think, must he borne ii 
PODclusion as to Uic origin of iw-'leor 
es|>ltui] inlcanic si'tion in general." 

OK THE UOA, OH GIGANTIC B 
At B recent meeting of the Litinei 
Al]!a CKhibiteil some of the; bunt's of the NcwZualand Moa, 
pprl^t 8tit« of preservation, the easac having been founil iinrlor n 
deposit of shifting sand. It bail appikrently been surprised whilst 
sitting on ila young ones, the bonee of which were al«(i found with 
l]>ose of the parent. In the discussion which followed, Vr. Hooker 
Bu;;[n*stcd Uiat the perfect condition and high state of preservation 
which the bones exhibited might possibly be the resultof preservation 
in ice, similar instances being on record, but the other spcakeni 
took an entirely different view of the subject, and thought tnat llie 
bird to wluch liu^sc enormous bones belonged liad prabably been 
living within ten years. If this concluaion be correct, it seems ex- 
bnumlitiftry that no more precise infonnation can be obtained fromtlia 
natives, a race remarkable for their intvlltgenee ; for, if so ^gantic a 
neatnre were living ten years ago, it seems impossible that no mora 
acrarate information respecting it should exist than the vague and 
most nn satisfactory reports wbieh have been collocted by English 
■Mtiisrants. Uowever, a very important point is settled in britigiti^r 
the history of the bini down to the time when New Zealand was 
colonized by the British. It wpre indce<l presumptuous to affirm that 
a moa will still be found alive ; but the evidence now before as shows 
that such an event is any thing bat impossible. In considering this 
■ubject, we must bear in mind that, being continually- at war with the 
natives, we are debarred frain that free access to the mLerior, and from 
that unrestrained exploration, which are absolutely necessary in such a 
case as this. Tlic wary character of the ostrich tribe is wtll known : 
in the (Ireat Sahara the ostrich himself is only to be discovered at &n 
imtneaao distance, and yet there arc no hitervening objects behind 
which he could shelter. It is very diSerent in New Zealand : tltcro 
tlic moa, if possessed pf ball the subtlety of the ostrich, might escape 
for years the notice of a few Europeans who have ventured to intrude 
on uil haunts. 



DISLOCATIOXS OF THK EAKTH'S CRUST. 
Dislocations of the earth's crust of various kinds, such as elevationi 
or depressions, are aecounted for by Dr. Bischof the eminent author 
oTtho Etcnenti of Chemical and Physical Otology in the following 
manner. ** KshaUtions of carbonic acid arc of universal occurrence, 
and originate at great depths, for the deeper we penetrate the more 
abundant thcybecome. Rocks occurring atsach great and inacccssiblo 
depths are ebiefiy silicates, like the oldest of the Known fonnations. — 
a loct which the volcanic eruptions of lava confinn. These silicates 
are decomposed by corbonie acid ascending to tlie surface, the decom- 
position Iwing (icilitated by the increase of lempcpature towards the 
interior of the earth. The products arc silicate iit alumioa and certain 
carbonates, silica being displaced. When minerals or rocks combina 
with other tubstancve, not only an increa^j of matter, bnt also an 
of volumii takes plocu, pruviiled lUiil «uuV wa^voanKiii^R^i^vHX 
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involve an iDcrcoxe of sppciGc gravltv. On the other liud. iflh 
lattiT be ducrcuatil, Ihc vulumu inunt (x; incKoai-'il in a still greati 
proportion tboji the inattix. Siii'h is tlie casv irbcn Eilit-atcs arts 4 
couposed hj carboDiR suid. Tlie BpedGc graTity of tbe prutlocts a 
decomposition being bulov that of tne UDdetHHOpoaed minnnli, thd 
Toluroe roust ncpcssorily be greatlj- incruaBcd. If a mountain compor^^ 

of siiicatoe be mpposud to uxiat, its upper psri« being vxpoe«d 

decompoaition by ciLrboDic acid luid rain, tben, if tbere be aiiuH}rfMI 
nlicnt^i of alumina in tJic iovrcr ]iart« of tbia mountain, and if the «< 
ubie products of decompOKition (sa; alkaline ailicatea) nero car ' 
downwards by moans of^ water, crystals of feldspar niav be prodi 
increasing the bulk of the mountain, and thus causing elevation, 
only will the upper parts be thus elevated from below, but they will 
raise themselves, should their incrvasi;, through i.-onibination with wp 
bo greatt^r tbnn the decrease of bulk caused by substances carried dc 
wa^. Dr. Biachof cites the slow rising of portiuns of the " 
navian area, where erystallino rocks c4)utainiug silicates oeettr, ai 
gM>lo;^ica| proof of the action of the cause explained above in 
elevation of rock masses ; adding lliat, where silieates arc absent, ai 
tbe south of Sweden, there has l>cen no upheaval. Additional fi 



will be found in No. 78 of the JuutHol of the Otttlogi 
Soeitly, from whieh the foregoing notes have been selected, 

GEOLOGICAL SUMMABT. 

Dtereaatof tin Supply of Copper. — While tbe demand for copper 



mines of England, Chili, and Cuba, alt show diminisbeil and diinlnti 
ing producta. Thus, in 1860. tbe British i.'0|i]}er mines pmduccd yeai 
24,527 tons of metal; since which tiuie their product has declini 
till 1863, when their yield was only 14,247 tons, showing in set 
years a decrease of 10,230 tons. Ihe copper product of the Unit 
StatM is on tbe routrary, rapidly increasing, 

SegiUiv^ Evidence in Otology. — Many disputes in geolo'ty I 
founded UDon tlie generally unwarmntablc oMumption that eertaio at. 
mots or plants could never have existed, because their remains hai 
not been round. It is, therefore, inUrusting to note a modem instana 
in which naturalists are without tliat kind of proof, furnished bjr 
specimen, of tiio existence of an enonuoua animal, apparently not " 
common. Dr. Grav, speaking of tbe Pliysctes, or Black bh of 
whalers, states in the Annalt Net. Hilt., " there is not n bone, 
even a fragment of a bone, nor any part which can be proved to fa 
belonged to a specimen of this gigantic animal to be seen in any 
seum in Europe. This is the more remarkable, as the animal 
to the length of more than 50 feet, is moniioned under the name of 
Block fish in almost all whaling voyages, and two specimcais of it 1 
examined by Sibbold, having occurred on tlic coast of Scotland." 

Minutt Qeologie Eeidmct. — Mr. Edward Dlyth has recently pou 
out the exisU>nco of two very distinct forms of deposit, which 
occasioiudly fsund on tho [cctli of fossil facrbivora. By an exam 
tJou of these the geologist is W> sonv.- i^\.Kitt,, tsoolAtf.A t 
wietJiL-r ati nriimal has been in vV; ■"'Ai ot Aimiea^lwM**.^ 
" Xiww « ft »iuall parVvcular or c^uwatVt ■«\utAi B™'^''^'i ' 



I 



t 



a wild hcrtnvorous aniinof from a tame one ; aiiit this is a certain in- 
crti'tatiou uf browii tiirtar upon tLi! tcctb." TbJS dcporit hi; (liil not 
finrt iipc)n the porciiic rtlits at tht Wrtkin, Imt be faiitied, at flrst, 
lUat itv: detfcUM it upon tiiu teeth of the foEHil bovjou remiunii in Ire- 
land. HoiTL'ver, after csanunJng tfao latter mure oarufutly, he nolieed 
a fciTU^iDDiu deposit from the p4!at, which might easily be mistaken 
for the incrustation of brown tartar. " In the one caao there would 
be traees or panLsitic life under the microscope. — not so in tlie ollutr 
rase. The lacrustulion from the peat covered the whole tooth, at 
least as much of it as was tiot of the bony alveolus; wl»:reaatb<; tnrtar 
incrustation was only upon that portion of the tooth that had not been 
imbedded in the gum. The latter was eonapicuously present in luniby 
taetH of Megaeerot hibenieus and of Cenmn elaphua." We presume 
QM (or this reason Mr. Blyth regards these speciea as belonging to 
dw category of domesticated animals, but we wish tfae otidence was a 
little DKire convincing. — Dublin Quarterly Journal of Science. 

Native ZiiK lina been discovered in a boiiult from a Ideality near 
Uclboamc, in Australia. 

Misting Sedimentary Formations. — The Jnurrud of the Geological 
Sortety l»i a full [lapcr on ihin subjecL Although it has been lung 
tBrmn that fnrmntion!! are frequently absent from their plarea in the ver- 
tkn) aeries of sfdiraentary rocks (Hoch as lio3 between ooHle and irias, 
ftc) yet little notice has been token of the fact, except mere allusions, 
11t. J. J. Bigstiy WBB therefore led to reduce to order a great deal of 
iDformation on the nulijecl, collected from th^ wriliiiga of [he nioct emi- 
nent geologists. The niisBing furmalinns hold a high and imjKirtant 
pluce as a result of one of the coiistruclive processes of the earth's crust, 
and the work is still K">iig ori- Qe concludes that they are among the 
Kvcnil consequencea of emergence and immerhinn, themselves the eOect 
<rf one of the great cosmic ogendes, oscillnlion of level, which may bo 
ondunl or parDXjBmal, through all the deipees of velocity and ener^. 
Those interested in the subject will rejoice in the details given respecUng 
tbeie " lenTCs tarn out from nature's volume," — gaps or blanks, which " by 
ih*sx magnitude and number, become a great feature in the earth's crust, 
.CS|n-e«dve of unity of design in lime and iipace." 

CoHveraion of Wood into Coal under rraiwe, — We have received 
fit>m Mr. Robert Sufely, of Cohoea, New York, nn account of the c< 
vetsion of a jKirtion of the wooden ste|i of a turbine water-wheel inti 
very comp.ict coal resembling clo.iely in texture and appearance ordinary 
tDinenil tual, along; with a B|iecimen of the coaL The utep was of oak 
and about ten inches through; and when taken out, the whole nurfiici 
WBi covered with n layer of crol. The cliarring was a consequence of the 
inter pigie which lubricated it becomir-g clogged with dirt. Mr. Safely 
states further, that the fall of w.iter to which the wood was subjected 
when it was converted Into coal, was cx-ictly 2S feeti and nKlhc dijmcler 
of tlie wheel is live feet seven inches, the prewure on the wheel would be 
measured bv u column live feet seven iiiclies in diameter, and 2ij ftet 
high, less what is due to the water striking the bucket nt a small an)ilo 
to the lane of the wheel. Tlie eeurinjt, wheel, sbiifl, etc. weigh about 
tin* tons, which would ^'ve for llie |ireasure upon the step, if the wlmlo 
treiffht titvtntuT Mas reckoned, about '20 tuu". The fiicl» excnuilfi tho 
tormslion ufooal under pre^Mire, coinhititil Viilv ->tiow.wsaMiAVwji)£GA» 
btatfUad wiiA very slow motion.— SilUmanTs Jounwil. I 
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Interesting Oeological Dinenvery. — Another nltemtion in onr [[eol 
icnl eharU necmii likely lo take pluM. Prof. Suller and ollleni of ¥. 
Innd have discovered, during ihe post year, in the to called " Lingul 
Fliif^" (a series of rticks wliich lie nt the baw of the British Silumn 
Bygtem,) twonew generaoftribbiiesanda new genua of ipongp : which hy 
reason of their ■[>ecific ditferencen from nil the Silurian genera, iroald 
«eera to indicate ibat the Lingular flags must benccfarth be regarded iC 
members of a separate formation. 

Fouil Elephant nf Malta. — Some exceedingly curiou 
new »]>ecie« of fossif elephint, have recenliy been found by Dr, 
Adiims in the Inland of Multa, in certain cave deposits and br 
One of the chief xxim\A with reference lo this elephant is the imoU i 
of its teeth, which, couiiled with other characterisllcs, leavei no dn 
that it »aa not only distinct from any living or extinct species, but I 
it was, as T^jrda dimensions, a pigmy compared with them. It U > 
posed to have been no larger thiui a, lion. Such specimens, toget 
with the lionesand teeth of hippopotami, which of late jenrn have h 
met with iii great abimdancc in diifcrent ixtrti of Malta, and Oozo, tend' 
■how that these islands are but frag-nentn of what muy bate been si r 
tim« en extensive coniinent, in all probaliility connected with rit 
Europe or Africa, or both. 

Qrtat Crocodile oftlte OolUc. — M. A. Vaieneiennes recently ext 
ited to the French Academy a fossil crocodile looth found in the Ool 
near Poitiers. From irs size he ettimaled th" animal to have h 
100 feet long. This creature must not be confounded with the m 
alosaurut. 

Curious Faett in Qenlogy. — At the last meeting of the Briti 
AsstH'iadon, Mr. C. Alooru, in some remarks on ikv " Gpologif of I* 
BDUtfawest of England," slated, in rcapuct la & variety of clay fbii 
in the vicinity of the town of Froine, that out of a cartload of it 
liad b4K:n euahleil to obtain more than a million organisms, in adiUl] 
to 29 types of raaimnalia and varioua kinds of rcptilia. He bad d 
covered in these beda many genera that had never been previom 
recogniz(>d. In Ibese bodH he had obtainod over 70,000 teelli of « 
kind of fossil alone. 

Mr. Monro produced some interestins specimona of atonei wbn 
be hail found in the neighborhitod of BaU. Tlicso stones irem tin 
five inches in diameter, and about six or seven long, and oadi of lb 
contained a opecimen of some kind of fish. Indeed, he ccnild tell 
tJie aj^-arance of the stone what it contained, and be would bn 
open several to show this. He did so, and in every case the fiafa 1 
Miioru had previously indicated was dincovcrcd ; but ibo most int 
estiiig epecimen wu tho ova which contained the i.'ultlc-lish. MTli 
Mr. Moore broke open the slone, not only was thu cuCtle-fiaU disci 
crcd. but the inky Iluid — the sepia — was discovered as in & fish 
thu same kind tliat might be taken out of llie sea at the preaeol d 
There was aa much i^ it as woulrl fill an ordinary sised ink-boU 
and Mr. Moore took a portion of it and rnneareUit over a [neofl 
white paper, making it liitrally as black us ink. He then prodtM 
-ome >po>-imcns of the Iclithyos.iuri foand in the neighboriumd 
{Uth, and a specimen of a fi^h, about the siko of a Mtlinon. of ux> 
~ ■» poumb wuiglil. liwaaao \>bvluA\a iu^uTvu ubl 
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and shape, that bnt for its color, as Mr. Moore said, it might be hand- 
ed by mistake to the cook to dress, and yet it must have been millions 
and millions of years since this fish lived and moved about in the 
water. In the mammal drift which entirely surrounded Bath, the 
remains of the mammal tribe were abundant, and Mr. Moore exhibited 
many specimens. 

The Fossil Musk Ox, —In the valley of Oise, near Paris, Dr. Eug. 
Bobert has found a portion of the skull of this animal, — a most inter- 
esting discovery, wnich has been brought under the notice of the 
Academy of Sciences in a memoir by M. Lartet. Here is, then, an 
animal now retired to North America which formerly lived in quater- 
nary £urope. We now know that the reindeer, yet more arctic in 
its migrations, at the same epoch fiourished at the foot of the Pyr- 
enees, and the same may be predicted of other animals now denizens 
o^ extreme northern countries. "How," says M. Lartet, **have 
such changes in the geographical distribution of these animals been 
effected ? Has it been by elective migration from their habitat ? or by 
the progressive invasion of man ? or by the gradual reduction of spe- 
cies, condemned to extinction, as has been the case with the great 
cave bear, the elephant and rhinoceros of glacial times, the great 
Irish elk, &c. ? These questions remain to be solved, and we are 
still led to repeat what Stephen Geoffrey St. Hilaire said 30 years 
ago, * The time of true knowledge in paleontology is not yet come."* 

Meteoric Rain, — ^A curious theory has been recently propounded 
by the eminent but somewhat eccentric scientist, Reichenbach of Vi- 
enna. He believes in the existence of a cosmical powder or dust 
which exists all through space, and which sometimes becomes agglom- 
erated so as to form large and small meteorites, while, at other times, 
it reaches the surface of our earth in the form of impalpable powder. 
We know that meteorites are mainly composed of nickel, cobalt, iron, 
phosphorus, etc. Dr. Reichenbach went to the top of a mountain 
whicn had never been touched by spade or pickax, and collected there 
some dust which he analyzed, and found it to contain nickel, and co- 
balt, and phosphorus, and magnesia. It has oflen been a matter of 
wonder where the minute quantity of phosphorus so generally distrib- 
uted on the surface of the earth came from. Mr. Reichenbach, how- 
ever, claims that he has discovered it in the cosmical dust above 
mentioned. — London Chemical News, 

On the Coloring of Abates, — ^At the British Association, 1864, 
Prof. Tennant gave some interesting details respecting the structure 
of agate and the artifices resorted to by the workmen of Oberstein in 
coloring the agate ornaments manufactured at that place and distrib- 
uted over Europe. A large number of specimens were exhibited, not 
only of ornaments but of the stOnes, both cut and uncut, the former 
well adapted to show the structure. The black color is produced by 
steeping the specimens in oil, and then blackening them by the action 
of sulphuric acid. 

Mr. Tennant asked Mr. Tomlinson to speak on the subject, when 
that gentleman gave some particulars respecting the organization of 
the factory at Oberstein, and remarked that the principle of coloriza- 
tion depended on the structure of the stones : tWy eoTi«vs\fc^ ^S. v>ii^fcT« 
juue bauds of cr}'8talUne and amorphous c^uaxV;z, \Ni<&\a.\Xftx ^\^ ^^ 
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sorbing the coloring matter, wbicb consisted mostly of oxyd of 
iron. The workmen sept the pebbles in tubs of water containing the 
oxyd for a longer or shorter time according to the tint required ; the 
cr}'stalline bands remained white, the non-crystalline absorbed the 
color throughout. Prof. Sullivan remarked that the structure of 
agate illustrated beautifully the di£fcrence between colloids and crys^ 
taUoids. The alkaline sibcates, by repose, formed these two classes 
of bodies, and he had no doubt a simdar action had been at work in 
the formation of ^ate. 

Formation of Qranite, — ^Dr. Percy of the London School of mines, 
in a recent lecture objected to the assertion of geologists that granitic 
rocks must have been formed by plutonic agenaes ; lor, said he, there 
are certain difficulties which have always been in the way of accepting 
this view of the subject, — difficulties known at all events to those wlio 
have been accustomed to make experiments on the fusion of mineral 
substances at high temperatures. This is especially seen by examin- 
ing the condition of quartz in granite ; it is aiways found in the cr^-s- 
tafiine condition, and has invariably a specific gravity of 2*6. There 
is not a single instance known to the contrary. Hence there is reason 
to believe that the quartz could never have been fused, for the moment 
silica is fused, no matter in what condition it was previously, a pecul- 
iar glass-like colloidal mass is produced, having a specific gravity 
which never exceeds 2*3. Therefore there is good reason to conclude 
that granite could never have been found under the condition of a 
high temperature. 
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CHLOROPHTLL. 

Chlorophtll, the ^reen coloring matter in plants has been closely 
exainiDed by Prof. Stokes, Sec. R. S. by the spectroscope, and in the 
Proceedings of the Royal Society he records tnat he finds the chloro- 
phyll of land plants to be a mixture of four substances, — two green 
mnd two yellow,— all possessing highly distinctive optical properties. 
The green substances yield solutions exhibiting a strong red flnorcs- 
oencc ; the yellow substances do not. The four substances arc soluble 
in the same solvents, and three of them are extremely easily decom- 
posed by acids or even acid salts, — such as binoxalate of potash ; but, 
by proper treatment each may bo obtained in a state of vcxy approx- 
imate isolation, so far, at least, as colored substances arc concerned. 
]hrof. Stokes also examined a specimen, prepared by Prof. Harley, of 
▼iliyerdia, the green substance contained in bile, supposed by Ber- 
selius to be identical with chlorophyll, and was thereby enabled to 
prove that the two substances are quite distinct. 

CURIOUS CONDITIONS OF VEGETATION. 

In a recent communication to the Edinburgh Botanical SocictYv 
Mr. James Robertson gave a sketch of the botanical features of the 
Kilkee sea-cli£fs. This part of the Irish coast-line is exposed to the 
full violence of the Atlantic winds and waves, and thus a rock 200 feet 
above high water is so copiously supplied with saline spray as to 
afford sustenance to a colony of periwinkles which fringe its summit. 
Notwithstanding this, the marine plants which are found at heights 
varying from 150 to 400 feet, and which grow in a very stunted man- 
ner, illustrate in a striking way the physiological law that if plants can 
do nothing else, they must produce their flowers and fruit, xhe flora 
approaches the alpine type in character, doubtless because of the pe- 
culiar external conditions. 

MANNA IN THE DESERT. 

Sir Roderick Murchison announces a fall of manna in Asia Minor* 
His informant, M. Haidinger, states that he has received a portion of 
this manna, which fell with a gust of rain at Charput. It is a lichen 
which is formed in the steppes of the Kui^his, anu is oilen carried in 
these falls far to the west, across the Caspian. The grains, which are 
always perfectly detached, have much of the form of a raspberry or 
mulberry, and are found frequently to be attached, to a stony sup- 
port of granite, sandstone, and lime. This manna is ground into 
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flour. Bid hatei! into lireaii, anil i» known nmong tha Turk* liy (1 
naiDQ at kerderlhorjhdasi. whicli meaiij wonder-com or grain. Itm 
tains more tbaii 65 per ceat of oxalate oi linw, snil 26 of uujlMieoi 

nutter. 



THE DECOMPOSITIOIT OF CABDO^flC ACID 0A9, 

Tbe decomposition of carbonic acid gas bv the lesvea of [dactC' 
the subject ofa note by M. Cloei. recently laid before die Acadei ~ 
Scieucw at Paris. Nuraeroua ex^riments bare proved that p 
posHeBBcd of leaves aud under the inSucni.'e of li^lit assimilUe otrfi 
Dj the reduction of carbonic acid, giving nuise to tlic disengagem 
of oxygen. Tlie parts of the plants exposed to the lig^ht haro van 
colors. Of tliesc green is predominant, buine the Dornial color of 
larger jilants, and, as M. Cloct asserts, should be considered as en 
tialto thi! parts which decompose carbonic add. M. Cloea m 
tains, in opposition to the opinion of M. M. Sanssnre and Cort^nirin^ 
that certain parts of the plant such as the brown, tcIIow, and pun 
leaves, — although apparcnUy deprived of t;reen, still retain itpaiitialt 
aiid that it is by virtue of Ihia part alone that thej- deeoinposc carbol 
add. Ill vol. OT of the CompltH ReiMtm will lie found details of « 
poriments which lead M. Cloez to alfinii that leaves demniposu c~ 
Donic aeid under the influence of li'rht by n^ason of the greon mati 
vtiich they contain, and that the ytftow and red parts do not gjre ri 
to this decomposition. 

RRSP I RATION OF FRUITS AND 

M. Tremy, in a paper lately rend l«fnre the French Acadrmy, pi 
some interenting details couceniiug the ripening process in fruilii. In I 
development of the latter there are three i^taBes, vhich are dixtioguisii 
not only by physical but chemical features. The first is that of develd 
ment j;ar txceUcnce. The fruit durint; this stage is gencrnlly of a gre 
oolor, and acts on the almosphere in the same manner as the leares j dl 
ii to say, it causes the decomposition of carbonic ncid and the libenlii 
of oxysen under the influence of light. In the second period, vhieh 
thut (Kinnluralioii, the green color of the fruit is replaced hy ydlow, n 
or brown { the vegetable mailer no lonj^r decomposes carbonic add b 
absolutely develops it hy the combination of its carbon with the oznd 
of the air. Slow processes of combustion take plnce in the cells of tli 
pericarp, which Ciuse llie disappearance of the solulile lailten usual 
found Uiere, the tannin is first de^itTOjed and the arids follow. At t( 
BtBge, the fruit is eaten. The third peritd is thit of decomposition ; i 
final object ia the destruction of the pericarp and the liberation of ti 
seed. At this time, the air enters the cellules, and, acting in the (It 
instance upon the sugar, it eives rise to alcoholic fermentatioD, mark) 
by the diungagemcnl of alcohol, which in operating upon tbe acldt of lb 
ftiiit gives rise to ethers, thus producing the peculiar aromas. This action 
when eontiuued, desinys the structure of the fruit and Icrminatn i 
oomplete destruction of the tissues. 

ifespiration of Flomera. — The following is a rhnmi of die r 
•earclea on Uils subjci^t laid before the French Academy of Saaw 
bv M. Cohuus. 1. Flowers left iu a limited atmosphere of Oodhik 
ggy ^^^ gj^j gj carbonic acid in proportimu tw7{b| 




•■ Ihej possess odor or not. 2. If tbc rircumstances in nliicli these 
llowera urt-umpliali tlie plienomcnn be identical, tbe proportion of vax- 
bonitaciJiiKTL-nHcawitli tlicfU'vatlonof tlielttopernlure, 3. Generally, 
for Aowc-rs cut from the same plant and wbusc weight is equ&l. the 
quantity of c&rbonic acid is nilher more considerable when the appar- 
atus in which the experiment is made is exposed to light tlum when in 
extreme darkness : bat in some cases there is no difference. 4. When 
ordinary" air is replaced by pure oxygen tha diSc'renoes become more 
marked. 5. The flower beginning t«) develop disengage? a little more 
i:arbonic acid than that which has attained its complete development: 
this may be due to amove energetic vital action. 6- Flowera left in 
an inert gas, disengage small quantities of carlranjc acid. 7. The ele- 
ments which constitute the flower (tha pistil and the stamens) in which 
reside the creat«et power of vitality, conanme the largest quantity of 
oxygen and give ofl the largest proportion of carbonic acid. 

(iasu exhaled bt/ Frnits, — M. Cafaours also reports to the Acade* 
my, that he has found that the green parts of plants are not tha only 
HtruL-tiircs which have the power of breathing, lie states that he Smu 
that apples, oranges, and citrons, placed under bell jars containing 
oxygen, or this gas mixed with nitrogen, consumed oxygim, and 
evolved carbonic acid, the proportious buing greater in diffused lisht 
than in darkness. Up to a certain point this takes place graduuly, 
but beyond this it incTeases to a considerable extent, and the internal 
surface of tho pericaqi exhibits certain attcratiocis of structure. The 
greater the temperature the larger will bu the volume of carbonic add 
eihalitl. Kcarly the same amount of carl>unic acid is evolved during 
the two periods of approaching maturation and decay. But once the 
latter stage has been arrived at, the quantity of exhaled carbonic add 
increases rapidly. The proportions of ^ases contained in the juices 
were thus CKtimalcd : The juice having Seen expressed was placed in 
vessels, and the koshs expelled by ebullition. It was found in thiR way 
that carbonic acid and nitrogenare present in various proportions, \mt 
that nom: of the ibilowing exist in truit juieo : Oxy^u, hydrogen, car- 
bonic oxyd. carbureted hydrogen. When ri|>o fruit !s enclosed in an 
atmnsphere of air, it absorbs hydrogen with great rapidity, and if it 
is allowed to remain until it has b^ome soil, it is found tu contain » 
Urge proportion of gas rich in carbonic add. 
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nsH PRESERTATION AND CULTCRB. 

To all interested in the preservation and reslJx^king of oi 
«h1i fish, we commFiid the folloiring paper, on sfllmoQ-breoding ■ . 
fiBb-"wRyi," or " ladders," read before the British As»ocialion -ibr ^ 
1864, by the well-known English naturalist, Jlr. Frank BQirkland. 

liie author said, — Whereas tlm oyster is stationary, and la treated 
in it« cuhivotioD more like a mineral than an animal, the aalinon it 
literally a vagabond, always on the move, and never remains Im^ 
together in the same place. Upon this fact depends Jls preservation 
and moltiplieBtion. in spite of the many difficulties it has to eontend 
with, — tlse greatest enemy being man. Such waa the raarvelloits in- 
stinct which compelled the salcnon to run up from the sea to the elc- 
Tuted ground fit Tor spawning, that the salmon eaueht at the mouth oTtbo^ 
Rhine, and which are eold in the Lomlon marKct, run up that rivi 
no less tlian (:30 miles to thetr spawning-^ronnd, and, of course. I" 
miles back again. Thus we may lairly conclude that a fish woij ' ' 
20 pounds has travolcd in its jonmcya np and down the river ni _^^ 
than 6,000 miles. The salmon hatched in the upper watcn of tha 
Bbine are caught at Rotterdam, where there are five fishing statiotM! 
the annual produce of these fisheries is. at the lowest, 3<X>.000 fith, 
which, calculaUnl at Is. lid. per pound, would amount to an InuaenN 
sum of money. 

He had weighed a salmon in water, and out of water, and found that 
its specific gravity was such that it could swim through the water with 
the same ease as a swallow flics through the air. lie then g&ve rea- ' 
sons why artifical hatching of salmon should be encouraged. Flnti 
because it might Im said the Halmoti did nut know their own bosiuPM, 
and were very bad nurses, for it hod been calculated on excellent dtU, 
that out of oue thousand young ones only one ever became bomon 
food. Salmon made their nests in the gravel odd over the otber, 
heaping up unmcnsc mounds, so that the bottom eggswouki of OM 
•ity be crushed, and only those near the top over haleh out. S_, 
ondly, there were so v^vxy ciiuniies of the salmon, both when in-dl 
form of an egg and in the form of a young fish, that they rWiHiN. 
preservation and careful watching, like young phuasants. SavenJ d 
these enemies ifcre cnuEiicrated, and a good word said for the water 
ouzel, who cats nut the salmon eggs, but the insects that come to fwd 




on die epgn- Artificial breeiling li*I rentorctl Bslmoti to Ion rhamea, 
for his frieiid StepLen Pondi^r, Ea([. near Haniptou Court, lind for 
Uie last three TCars, in his prirato grei?ahomc, Itcon fastching out 
many fJiousunds of salmoD and trout, and turned them into the 
^numea. Tlie consequence is that in the aliallow waters aliove Hamp- 
lan Court, great numbera of joune salmon and tront, from one to 
Sre inchea long, could be aeen aay Ane sunny morning. Any private 
mdiridusl might fif he could get tho eo;gs) hatch salmon or trout with 
die same eiase as ehickcns ; and he ex|^ltuQcd a itimple apparatus made 
by Mr. King, aquarinui-dcaler, of Portland Place, suitaiile for small 
experiments, saj- eiifhc or ten thousand oggs. It had been atotod that 
the French piaeicultural establishment at HuninguB, oTervrhii-h M. 
Coumea. the eminent French government cnn[ineur pnjsidod, was retro- 
grading -, but he could atate tliat this year more than one million 
mlmon egga hod been collected, and a large proportion distributed 

Ktaitously all over France, and also to many parts of England. The 
s for the protection of Qiih in France were defiuieut ; but M- Costs 
had informed him that a new law would be proposed next aeason en- 
abling him to shut' up the fishery, and preserve the Ush of any river 
in France for three years. The salmon laws in En};;land afforded 
protection for the fish; and Ms friend, Mr, Ffcnnel, Inspector of Fiah- 
ericB, vraa always busy in obtaining facts, which would enable him to 
gain knowledge on whicb the laws for tliJe future should be amended 
and regulated, Uo had tried lost year to obtain a hybrid between a 
salmon and a trout, and had been much Innghed at for his paioi. 
Still bo was pleased to inform the meeting that Thomas Garett, Esq. 
of Clitheroo, had succeeded, not onlv this year, but aUn in previous 
Tears, and this gentleman was the nret in England to obtain succeH 
in this Durlous experiment. M. Coste had moreover sbowud him, a 
few days since, in Paris, several specimens of hvbriils between salmon 
and trout, and also one between the trout and the " ombre chevalier," 
or charr, the latter being a moat curiously striped fish. M. Coste 
had also shown fish batched from the eggs of a salmon to/iicA had 
never been to the sea. Laving been confined all its life in a freshwater 
pond, proving that even though salmon dn not thrive without going 
to the sea, stui they will carry eggs capable of nrodurfng young. 

Upon the subject of salmon-laddcra Mr, Biiekland was particularly 
earnest, pointing out that it was not only cruel, hut exceedingly short- 
sighted poliey nut to assist the aalnion to get to the upper waters to 
lay their eggs ; it was just the same as not putting a ladder to allow 
the hens to get up to their roasts. How could salmon be expected to 
get over a wall any more than a human being, unless a loilder were 
provided for either fish or man ? And be it recollected tliaC the lad- 
der for the fish to ascend need not always be placed in the weir, but 
only at the time the fish wanted to go up. One only placed a ladder 
in an apple-tree when it was necessary to gather the apples, and the 
ladder was not left on the tree all the year round. So with the sal- 
mon-ladders. A temporaiY ladder might bo roughly constructed 
-with poles aud boards, which would snawer all the pur])ose, and 
might bo removed when not wante<l, Tho millers complained greatly 
\itt •almoD-laddora, because they rubbed them of the vrater wonted (or 
■tto mill-puws : but hn exhibited and esplunud a model, « uew kind 
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of MlmoD-laddcr,* wliich was to obviate the diffitMillioa complaiiK'd it 
\ty tbe millers. He tlien cxplAincd other diffloiiltiea, particulftriy 
Ihnt of finding a grating to |ir(<vont salnmii swimming up luill-rnci-a. 
and getting iiijurL'tl bv thu mill-wlitiula. No graXiag biul hitbertu 
bccD inventGd which st the same time wouhl prevent the salmon ruD- 
niug up and not leiul bock the nater on to the irbecl and stop ila ac- 
tion. Mr. Butkland concluded his instructive and at the same tin 
amusing paper as follows: "Thus, then, I have endeavored to br« 
before tbo meniben of the British Associatioii certain facts reluT 
to two great branches of British induslrj, — the eultivatton of tl 
tea, and the cultivation of the rivers ; the revenues derived from itie 
both to private owners and to the public in general in the Ibnn of foo 
wauld, if put together, amouut to an enormous sum, and itiU a 
industry is as yet half developed. 

In a treatise on fish-culture also recentlj published hy Mr. Bn4 
land, the author states, that salmon and trout carry on an aven~ 
1,000 eggs to one pound of their weight. Another important G 
respecting the eggs of some fish is their great toughncM, a provisk 
doubtless, intemleil to enable them to resist the crushing effect ti 
stones and gravel in their spawning beds. In order to ascertain poa 
itively how much direct weight trout's eggs would bear, Mr. Btuft 
land placed iron weights upon individual eggs, which did i 
iray until the pressure amounted to fire pounds and si 

in r- - " ' ^- •■ - ■-■■■■ ■ ■ ■ 

]6,000i000 offish-eggs, for breeding purposes over Europe, 
authorities also declare that it is cheaper and easier to brcud • 
than lambs. Salmon eggs, aci'ording to Mr. Buckland, pn 
their vitality tSter having been imbedded in ice tor the ione period tt 
90 dayi; aud eggs iJms treated have been successfully hatclied. 

INFLnENCB OF MODEBS CIVILIZATION ON HEALTH AI 
LONGEVITY. 

At ft recent meeting of the Association of Medical Superintenden 
of American Institutions for the Insane, the following remarks on ll 
above subject were submitied by Dr. Edward Jarvis, of KIo; 
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a aaluion wrro lo >Urt filrljr ftnm ilie boKom tbe lalier would awin op tolbe M 
falter than Uie nun could run alunj; the wail b; lia aldu. 
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■etls, well knoTD for liU researches on insanity. " Manr believe 
ibe ton(! of general health is lower iiow than fonncrly; but I think it 
is withuut sufficient reason, tlaa there been any deereasu of the vital 
furve in the eommunity for the la»t fort/ or one hunilruU /ears? Do 
civiliKOlion and pro^'eBs and refinement reduce the vital jrawer of 
men? Some facts shoe Ui the eontroiy. In 1GU3, the British Gov- 
emment issued a Tontine, to borrow millions u^n the basis of cer- 
tain tires upon which thej were Ui pay annuities. Mr. Pitt iMued 
lootbpr Tontine one hundred years afterwards in 1790, upon the 
same basis, and it haa been found that these lircs were so much longer 
than those a huiitlrcd years before, that the British Government were 
obliged to give it up. It was niinous, so great was the increanc in the 
duration of life in the course of a century, 

' I think there are a great manv deteriorating causes in nviliza- 
tion. A great deal of refinement reftnes only in the sense of attenu- 
atiiig life. Still, civilization has given an increase of comlurts, bet- 
ter houses, and aecuritylgainst all the cauaes of suffering, cold and 
Blomis, Krealer certaiuty of proper food, an increase of better cooks, 
though these are yet bad enough. Still, cookery is better than it waa 
in the days of our fiktbcrs, and food is more convertible into blood, 
and that more convertDile into muscular fiber, and that fiber is more 
enduring than in the earlier days. The general effect of all these u) 
to protract life, and give it greater force to resist the caoses of phv' 
sical and mental dineaae. and more power of endurance and make the 
number greater who will live lieA-oDd threescore and ten. 

•' The Dettcr health a man is in, the better are his chances of sur- 
viving the dangers of destruction. The more vital force and general 
health is increased, tlie greater is the diminution of the insane, at 
least from this ci\uHe, Nevertheless, it is easy to see, that whenever 
sickness is avertMl and the average longevity is increased, by hotter 
habits, more abundant and appropriate means of subsistence and pR>- 
teetion, and wiser self- management, there may be also a larger pro- 
portion of weak constitutions that are saved from destruction by the 
sanio means. I found a proof of this a few years ago, in analyzing the 
bills of mortality of many nations, 1, That of a thousand children 
bom in each country, more would survive the perils of infancy, child- 
hood and youth, and enter on mature and responsible life, at twenty 
in Massachusetts, than in England, Belgium, Sweden, and some 
other nations, 2, That of a thousand who should survive (lie age of 
twenty, and enter on working life, tnore would break down in this 
period, anil die before the age of sixty in Massachusetts, than in those 
nations, 3, Lastly, that of a thousand that should survive the period 
of labor and enter on old age at sixty, mortj would rtiach the age of 
eighty here than elsewhere. The explanation is this. Man may be 
considered as a living, working machine, which retjutres twenty years 
of tbe greatest skill aud care to build and prepare for use. otherwise 
it may fall in the process of building; but when well made and of 
proper material, it may run forty ycarii or longer. If the builders are 
rough and careless, they destroy many of their machines before they 
are finished, and none but thoHe of the strongest materials cau survive 
n)ugh handling. But in the hands of skillful workmen, moehinoa 
even of weak materials are made and finished — though Iroiu their 
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inherent wo^kness, tlipy cannot last lon^ in doing the unlinorv work 
put upon them. In Mii»Kni.'liii3Ctts, whiirt- propi'My is so i.-i]\iiH« di»- 
triliuteil, tbc Fonifurta of lioine and the propiT supply of fuoil, prutiy- 
lion, clotliine, £('. aroalmuBtunivcrBal, ainilhepeopli:arc»ogenn«lly 
well educated, that moat mothers h&vo a ci>rtiin nmnuiit of aiGiutiisln- 
tivB wisdom, and know how to take euro of the rfiildreii, Iwltcr than 
wonopn elsewhere ; more, therefore, survive the perils of inlknev, and 
fewer weak constitutionj are broki^n down. MusncliiitielU mrowi 
upon the aclivo responsibilitica of lite more nion of fceblL> eonsUto- 
tiona, or machinea made of poor matoriat, because they are not broken^ 
down in making up. A^ain, ta MassachuMtta more people labor, 
and take heavy responsibilities, ami more burdun U tbrown upon ibCM 
luaehinea, ajid more of them are brokun down at thirty', during the 
working period, forty or fiftv years before they have finished tiieir 
work. In regard to those who survive the period of sixty, tiie samu 
conditions that carried thum through the pcrxlfl ofchildhood carry them 
also through the discomforts and difficulties of old age, and mora of 
them survive to extreme old a^. 

" I win call attention to another fact which proves the advantage of 



_ to and skill in preserving infancy from destruclion. 
Ivied the reports of births, marriages, and mortality of England a_ 
NValus for 17 years, in order to see what connection there might I] 
between tbc degree of intelligence in the domestic admiutstratiou an 
the life of little children. 1 divided the countries into three rlassea. 
In the best class 81 percent of the women, when married, aimied tba 
register with their marks, and 69 per cent euuld write. In tne warvt 
class 63 nor cent signed their names with marks, and only 37 per cent 
could write. This was the only manifcBt difference, but it indicated ft 
corresponding difference in general intelligence and of admioistratifi^ 
wisdom. The second or intermediate clasa was omitted, and tt 
comparison made between these extremes of education and jgnorancfl 
During these 17 years, in the first class there were 804,170 man' — 
2,935,573 births, and 443,902 deaths of children under one yes 
the worst class there were 749,927 marriages, 2,853,774 birthi, 
641,906 deaths of infanta. The drat noticeable fact is the lorgor p 
portion of births to the marriages among the less intelligent ft 
among the better-educated familiea. But the most interesting ptnatB 
the great excess of mortality o( little children in the ignorant cloMe^ 
among whom about 10 percent of all that were bom died before the^ 
w»TC a year old, while m the more intelligent countrifs only 10 pet 
cent died at the same lender age. Comparing these with each othcf^, 
ytf see that there was 25 per cent more deaths of infants in the UC" 
educated than in the lielter educated di!>tricts. This is a sacrifice f 
lll,:27:i to the ignorance of their mothers." 

TITAL FORCE AMD CONTRACTILITY. 

Dr. Lionel Bealc, eminent for hin researches on the nervona q 
tern, thus concludes an article in the Quarterly Joanial of Mleri 
teal Science: " I think that every tissue orarganism consists of i 
that lives and matter that is foniied. The first is tbc seat of pecod 
change, mi gmrrit, which never occurs in things inanimate. "T 
aoHMid manifests phcuomcDa which, are, properly considered, phjraa 
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lie tno»ements, — the decomposing, die fonn:itive, tha 
J and synlhetical power of ibe living n " . . .1 

,. 1 of A powpr, or lorce. or energj', whi 

nred bv tbe work avhieveil, nor to be altered or converted iiilo otlier 
fonns of Ibrcc. Jt is r power ihM may be tronamittcd from purtiiio 
l« particle, nnd that niny cciLHe its nianifcst&tioa forever, llow it 
ori(Hnale(l we have not the slightest knowledge. We only know H' 
that it is always propagated frum panicle to particle, aod that it can- 
not lie transferred to particlea at a distance. Heat is but one of the 
i-'onditions andcr whicn tliis wonderful power nunifests itsulT, not tlie 
pnwer itaclf. Contractility is a property of muscle ; contraction and 
elastii'ily are propcrtica of fibrin, juat as hardnosa is a property of bom, 
ortiail,orl>one, <&c. ; but motion, incrciue, formation , as manifested in 
gfnuinal matter, are Iransmitled from particles of matter that possesa 
tbem to viarticles of matter that do not. Muscle docs not transmit its 
contractile property, nor yellow clastic tissue its elasticity, to matter 
which is void of these eharacti'risticii. Henue I distinguish the move- 
luentc of gcnninal or living matter from the movements of muscular 
tissue; and surely 1 may correctly term them vital movements aatH 
•omo one proves that siimlar movements occur in matter which ia 

Wl Alive. 

^Epra IN BELATION TO GNTOZOA ; DANGER OF U8INQ SEWAGE 

^m AS A FERTILIZEB. 

^^ At the last meeting of the British Association, Dr. Cobbold pre- 
sented in a popular manner the following important facts respecting 
tlie diffusion and action of cntoxoa, which name has been appliinl to 
certain minute intestinal worms. He said there was no doubt that 
entoaoa were introduced with vegetable food. They were more 
likely to be taken from water-cress or other vegetables of the kind. 
It was necesxary with all vegetables that tbe greatest eleanlineaa 
should be observed in preparing them for the table, and care should 
bi' token to avoid sirailowing these small molliices, which were veiy 
likely to escape observation. A great many diseases in children were, 
be said, charged to eating unripe fruit, but, as far as enlozoa was con- 
cerned, that fear was entirely groundless ; and if they should be so 
introduced, the chances were that the htrvai would be taken from the 
surface of the fruit. With regard to celery, cabbages, and all the 
ordinary market-garden vogetalilos, be said that all deeomposing 
nial and vegetable matter contained e ' - > -■ "-" 
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often onmrounicBted U> tiio human Ix^inn. Ooe-siitb of nil pcraont 
who died in Iceland perishud from » Liitf« cpcaturt' so small that in ita 
larval state il could suarcly be seen. If neither tlog nor wolf existed 
we should get rid ol these apociet altovvllier. Sand and choruMl fil- 
ters wore of very little use. Fa|)er filters shoald be empluj'ed. Alt 
enCoxua not preserved for scientific cjcperiments should be dcstro;eiI 
hy fire, and under no circuniatances should tbcy be thrown juidu a^ 
himitess reruBc : and ho advised butchers, knauliers, and others not ' 
throw donbtiul offal In dogs fret]ueDting their neij;hborhood. It 
gratifyinn; to learn that beer, porter, and fermented drinks, wen 
HOuretNi of cntoEoa, and wore perfeetiv hannless. Evc-n thougL _^ 
pure water ghould have been employed, the boiling of the wort would 
be alone snffident to destroy any number of parasites. Unlcnnenled 
drinks, such as ^nger beer, cider, and the like, he could not be per- 
fectly certain about. All must depend upon the source and supply of 
water. But it was satisfactory to learn that alcohol added to water 
was sufficient to destroy parasitiual eg^. 

Dangers of the Utilizatioit of Sewage. — lu addition to the above 
remarks. Dr. Cobbold has also recently published a pamphlet ia Eng- 
land (vhich has attrattcd no little attention), in which he uredicts 
the almost inevitable increase of parasitic dis4^ases in general, if Ibc 
much talked of utitization of sewage be carried out. In respect to 
one of the forms of disease which rosy be thus introduced, be saya: 
In Egypt and apparently throughout Nonhcastem Africa, at the Cape 
ofGoou Hope, Natal, Mauritius, and other pUces, there exitits a mure 
or less constant and formidable endemic disease, the natnrc of which 
was first dcscribcdfay Drs. Gricsingerand Bilharz. Thedisorder, or 
**helniinthiasis,"in question is caused by a small parasite orentnzoon, 
which infests the bloodvessels, deliijihting more especially to tikke up 
its abode in the veins connected with t& liver and other abdominal 
viscera ; and in these situations it gives rise to TCiy painful sj-mptom.>, 
followed, in the more advanced cases, by excessive prostration and 
death. Minuter details respecting the peculiar features of the disease 
ttvelf it is here quite unnecessaiy for me to adduce, but 1 cannot pro- 
ceed without a passing commout on the extraordinary prcvalenee of 
the disease in Egypt, which may readily be realized by the Gict that 
out oF 363 poti-Btartem examinations conducted by Dr. Griesiuj 
tliese parasites were found in no less than L17 instances. It wot 
therefore, seem that nearly 1 ol the entire population siUKsr Iron q 
parasitic malady. 

Ho then goes on to show that the diacase in question 

made its appearance in Great Britain, referring fur corrobora^on I) 
paper in ttio recently published 48lfa volume of the, BritUh Med!' 
Chirtirgieal TranitiKtiont. It would further appear that the disor 
IS ^uite as prevalent at the Cape, at Natal, and in the Uouritiua, i 
is in Eg)-pt- On this ho remarks; — 

" Have the kindness to observe that every colonist r 

the Cape is liable to briug this parasitic treasure with him ai _ 
indeed, dwelling in liis blood, and feeding on his lifestream. 
advanced stages of the malady, tho afflicted individual must frequc 
evacuate the engs and their contained embryonic larvai, which an 
tbiu coavuy-ed into the ordinary receptacles of such vuidings. Than 
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let them remaiu, or convey them into a cesspool, and no harm follows. 
If deemed preferable, you may transport them, along with myriads of 
otlier human parasite eg^s and larvae into a common sewer, and thence 
into the sea; still entozoologically speaking, no harm follows. Here, 
however, let me invite you to pause; for if, without due consideration, 
you adopt any one of the gigantic schemes now in vogue, you will 
scatter these eggs far and wide ; you will spread them over thousands 
of acres of ground ; yon will place the larvae in those conditions which 
are known to be eminently favorable for the development of their next 
stage of growth ; you will bring the latter in contact with land and 
water snails, into whose bodies thejr will speedily penetrate ; and in 
short, you will place them in situations where their yet higher grada- 
tions of non-sexual growth and propagation will be arrived at. Afler 
all these changes, there is every reason to believe that they will expe- 
rience no greater difficulty in gaining access to our bodies here in 
England than obtains in the case of those sameparasites attacking our 
fellow-creatures, whose residence is found in Egypt, in Natal, in the 
Mauritius, or at the Cape. In a natural history point of view, it would 
not be an altogether singular result if, 20 years hence, this parasitic 
malady should be as prevalent in this country as it is now known to be 
in particular sections of the African continent. Foreseeing the possi- 
bihty, not to say probability, of this contingency, am I not right, 
afler years of long study, to raise my voice in the hope of preventing 
such a disaster ? " 

ON THE INDUCED PRODUCTION OF SUGAR IN ANIMALS BY COLD. 

At a recent meeting of the Royal Society (London) , Dr. Bence 
Jones, the eminent physiologist, read a curious paper, detailing 
the production of sugar in the fluids of the animal body by extreme 
cold, attributing its formation to deficient oxydation of the carbona- 
ceous articles of food. For example, a ^ain of starch enters into 
the body, and is transformed into sugar ; it is then acted on by oxy- 
gen, and ultimately passes out as carbonic acid and water. This is 
the final result of the perfect combustion ; but if the oxydation stops 
at any stage, imperfect combustion occurs. 

The combustion may be made imperfect in at least three different 
ways. First, by insufficient oxygen ; secondly, by overwhelming fuel ; 
thirdly, by reducing the temperature so low that chemical action is 
checked. From each of these causes the following scale of the com- 
bustion of starch in the body may be formed : When there is perfect 
combustion, then carbonic acid and water are produced. With less per- 
fect combustion oxalic and other vegetable acids are formed. With the 
least possible combustion sugar results. Between perfect combustion 
and tne most imperfect combustion, — that is, between carbonic acid 
and sugar, — ^there are probably many steps formed by many different 
acids ; and as in a furnace one portion of the coal may be fully burnt, 
whilst other portions are passin*^ through much less i>erfect combus- 
tion or are not burnt at all, so different portions of starch may reach 
different steps in the scale of combustion, and sugar, acetic acid, 
oxalic acid, carbonic acid, and many other acids between acetic and 
oxalic acid, may be simultaneously produced. From this auc<:,Q\m.t oi 
the oxvdstion of starch, it follow^ that sii^air s\iouV^ fi\\i^'5^>» SaxoA 
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ID the urino wlicn any of the three causes mentioned reduce the oxyd- 
atioii in ihe system U> its miniinuia. In uther words, by stopptnjj; the 
toLiiIiustion that ocuurs id tha body, diabetes should be produced arti- 

TEUFEKATUSE OF TUB SEXES. 
At the British Association, 15G4, Dr. J. Davy f^ave (be results of 
some cxpcrimenta ho bad madeaab) the relative tern pentture of the two 
Bcxi.'S. The theoi7 of Aristotle, that a man posnessed more warmth 
than a woruan, hud been disputed; aud it bad been held fay somv, m 
the result of modurn reaaari;b, that the temperature ' 
slightly superior to that of men. Notwithstanding 
from Bueb observationa as he had been able to matt . 
tlje early opinion the more correi't. Taking the average, it apiN 
that the l.ainpeiuturu of males and Icmalcs was as lO'oS to 10' 13. 
bad more recently made some additional obaervationi, uua^ k tlic^ 
mometer of great delic-scy, and taking for tbo purpose ofhnivspvri- 
monts six persons, three men and three women, all in good bca]lk. 
The rtwult was that tlie tcuiperutun: in the case of (he mein raried be- 
tween 90 and 99i, that of the women was between 971 and 98. Aa 
examination of other animals fiuva a someivhat higher temperature fur 
tho male than the ftmalc : six (owls showing the proportioD of 109*33 
for tlic former, to 167-79 fur the latter. 

THE DAmY UEN Of TESSO. 

At a recent meeting of the Ethnological Sot^eiy (London) a pu>er 
descriptive of the hairy people of the island of Yesso was read by Mr. 
Uartiti Wood. Yeaso, wbicb ts inhabited in the ttoutbem portion only 
by the Japanese, has an infertile soil and dreary climate. Ita nortbem 
fUlrlB are inhabited by the Mosinos, or"ollbairyi)eo|ile"of the JapaD- 
e«e, who number about 100,UOD, anddwell principally in two large cities, 
Mato-mai and Hako-dadi. These people are short, thick-set, and 
muaeular, but clumsy and uncoulh in their movemeuta. Id appear- 
ance they are wild and repulsive, in consequence of the ouonnons 
amount of hair with which tliey an; eorered. Tho hair on lie scalp 
forms a matted mass of gigantic size, their bAtrds are long and thick, 
growing Irom the greater part of (he face, and the whole of UmiF 
lioiUcs IB covered withanoxtrBordinflryprofusionof hair. Thcworoca 
stain that part of the face which is covered by the beard in males. 
The skin, when not bronzed bv exposure, is somewhat paler in color 



than that of the Japanese. These people, though timid from I 
subjugation to the Japanese, and isolation from the rest of tbe wo ^ 
apjwar intelligent and lively. They have well-developed, promioi 



foreheads, and dark, expressive e; 

FBODUCTION OF THE SEJEES AT WILL. 
In tlie Annual of Sdentifie Discovery for 1864, a brief ni 
givenof the tesearcbesand theoryof Prof. Thury of Genera, ii 
tathe above interesting subject. In a memoir published bv M. ' 
during the past year, be gives iho following summary of his o^ 
(ions and dednc(iona, which bid fair to be of special value U 
cuJturalisls and stoek-growcre : — 



Ses, BMording to Prof. Thiiry, depends on the degree of mattt- 
n of the ovum at tlic taomeiit of its fecunrlntion. 

5. The ovum whii-li has not attained* certain dwgree of maturation, 
if it be fctuadated, produt.'ea a feioale ; when thin degree of maturation 
18 passed, the ovum, if fecnndatcd, produces a, male. 

3. When, at the rutting-aeaaon, a single ovum separates from tha 
ovaiy to descend slowly through tho genital canal (as in tiniparous 
kninuls), it is sufficient that the fecundation takes place at the com- 
nieneecnent of the mtting-aeason to produce females, and at the end 
to produce males, — the turning point of the ovum occurring normally 
during ita passage iu the genital canal. 

4. When several ova separate successively from the ovary dar- 
i]i|r a single generative period (mnltiparous and oviparous animals in 
general), the first ova are generally the least developed, and produce 
ienules; the last are more nuturc, and furnish mates, But if it hap- 
pena that a second generative period succeeds the first one, or if the 
estomal or organic conditions cliange considerably, the last ova may 
not attain to the superior degree of maturation, and may a<rain 
liiniish females. Cmteru paribia, the application of the prineiple of 
■exualiCy is leas easy in the case of multiparous anireiala. 

fi. In the application <)r tlie above iiriuciplcs to the larger Mammn- 
lik, it ia necessary that the experimenter should first of all observe the 
cooneofthe phenomena of heat in the very individual upon which be 
proposes to act. in order that he may know exactly the duration and 
the signs of the rutling-season, which frequently vary in diETereut in- 
dividuals. 

6. It is evident that no certain result can be expected when the 
■igns ofheat are vogae or cnuivocal. ^ This is scarcely ever the cose 
in animals living in a stale of freedom ; but cattle in the fattening'sheds 
or in the stable sometimes present this abnormal peculiarity. Such 
mninuls must be excluded from experimentation. 

7. From the mode in which the law ruling the production of the 
nxea has been deduced, it results that this Taw must be general and 
kpply to all organized beings, — that is to say, to plants, animals, and 

It is necessary to distinguish carefully the law itself (1 and 3 
of this summary), which is absolute, from the applications ofit which 
jsaj be made with niDrc or less facility. 

ia the Annual of ScieniiJU Dincovery for 18G4, p. 292, soma state- 
meats were given of the experience of M. Comaz, a Swiss agricultur- 
ist, in applying M. Tbury^s theory in cattle breeding. M. NIckles, the 
Paris correspondent of SUlim'm'a Joltntal also furnishes some informa- 
tioQ bearing upon the subject. He says: "According to M. Thnry, 
tlie product is always of the male sex when the fertilization of the ova 
occurs at complete maturity, and is always female when it takes place 
■t a less advanced period. 

There is a very simple way of solving this problem. It is to select 
fijT experiment species that come to maturity in succession, and, that 
dnrfaig a single impregnation, fertilize the whole series of ova which 

t detach thcnisclves from the ovary during a period of 8. 10, Id, IA, 
or even 18 days. We know, indeed, that, m etae of the ben, A 
ringle CQupliug suffices for the fertilization offivu, six, or 
2a 
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eggs wUicli alio is about to lay and wliich are nrrangecl in ber ovary 
tlie onlcr of their maturation. Now, in such a vase, if the Xivntry 
exact, tlic first egg laid ouvht always to produee milca and the Ollicn 
female* without any puuibility of the inversion of this order. T' *~ 
is very near what has b«Bn obaorved bjr Messrs. Coete and Gw 
(French naturalistii}. 

A hen, EupanUcd from the cock at the time of Iter first kyW eav* 
five fertile eg^s in the space of eight days. The egg laid on Marr*' 
Ifith produced a male; ihat od ALu-uh ITtha male; that od the '" 
a.fernale; that on the 20th a male; that on the 22d a female. 
charaetcristic fact in this experiment is the production of & nulc 



I 



a remalc, which ought not to have taken place according to the theorf. 
n'hes in which Hr. Gerbo b now engaged. 



IheoiT. 
9 it only a simple exception ? Or is it necessary to consider thi^ 
faut a radical objection ? Wo may learn by and by on this point, Sran, 



On the occasion of the preceding note, Floureus recalled an expei 
ment which he inado 30 yeorajtgo. Ariittotlo had observed that tl 
pigeon ordinarily lays two eg'gs, and that, of these two eg^, oi 
commonly produces a male and the othor a fi^male. lie wished l9 
I nhicu was the egf^ that gave the male, and which the one Ihr'' 



and the second the female. 1 have repeated this experiment , 
iiOB thefit 



produced the female. Ue found that the first egg always gave 

mole, and the second the female. I have '~'' ■'" ■ 

mimy as 11 times in succession, and 11 
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37ie Extinetiim of an Aboriginal Race. — The race of Tasmania: 

or inhabitants ofVan Diemao's Land, are now reduced to four in 

vidualH ; an old man and three old women. The entire race, sini< 

posed to have been from ii.OOl) to 7,001) in number, at the time of tfi^ 

' settlement of the island, ha^ been destroyed, partly by discasA, 

' by drink, partly by tbu loss of their rauaos of subatatcncc. bol 



chieliy by violence. Thej managed vi'ry early in the history of t 
colony to cxcile a profound hatred anil fear among the settlers, a 
were hunted dowa without mercy. About Vii'i tlic last eui^ivoc 
wore taken to Flindem Island, where they were kindly treated. \* 
died off with astounding rapidity. It seems probable that iu half 
century more there wilTnot be one aborigine lefl in Australia. 

VUaliln of the African Race. — Dr. Livlugston, in a paper mi 
before the British Association, 1S6JI, on bis recent Africaa esploi 
tioDS, Stated of the African, "that it was his opinion, that n ''' 
drink, nor diaeasir, nor slavery can root him out of the world, 
never had any Idea of the prodigious destruction of human lili 
takes place subsequently to the slave-hunting till he saw it; and 
this has gone on lor centuries It gives a wonderful idoa of the vitali^ 
of the nation." 

MoHatiti/ among tht Pearl Oi/^Ura. — At the last meeting of 
Britisb Association, M. Buekland, the well-known naturalist, i ~ 
that an event, which ladles would most approciate, had taken 
in Ceylon, viz : the audilcn death, from unknown causes, o£ 
baaia of the pearl -bearing oystora, the conscquenoe of whiob 
L be that the price of pearU muai be cuiinootufv^ 'uiiu<»>»vl. 




ZOOLOGY. S27 

ha/ting Animah. — Dr. Paul Bert bas published 11 work on the 
ious subject of animal gralLa. Ho sui'ce^ilL'd In making Siamese 
■ "twins of a couple of rata, anil in nuay otbcr moiistrositiuii. Ho ex- 
claims, **it is a sur]>riaing itpectaclo to see a paw eut from one rat 
live, grow, finish its ossification, and rogonerale ils nervua, under the 
^n of another ; and when ire want a pliuno of feathers under tlic skin 
of a dog, what a mlraelo to see tbe interrupted vital phenomena re- 
sume tni'ir cOurse, and the fragment of a binl retM^ve nourishment 
from the blood of a nuinimal." — litlellecliial Ohaemer. 

Curiitas Vilal SlalUUct. — The fullowing curious rtatistica appear 
in the Report of (he Scottish Registrai^General of births, deatba, and 
marria^s, for 1864, and ilbistrale the eOuL'toftown life on thohuinaa 
race. The officer in qnestiou says : It is a well-known faet that a 
residence in towns weakens tbe vitalil)' of p4:rsons living there. This, 
03 )-ot, has chiefly been attempted to le proved by demonatrating tbe 
tuuch larger amount of sickness and death whieh annually result in a 
Iowa population aa eompurcd with one residing in a rural distriet. 
But the proportion of births to the marriages, and, better still, the 

Sroportion 01 birtba to the married women at the ehildljeanng ages, 
emonstrates the fact in as pointed a manner, white it is not liable to 
ipany of the objeetions whicli might bo urged a^inst the ordinary 
modes of proving that fact. The maular and mainland rural districts 
gave a result absolutely identical, only requiring 303 wives, from 13 
to 45 years of age, to produce lOUchildrcnwilhm the year; while the 
wives residing In the town district liad their vitality so deteriorated by 
their town residence that It required 333 wives to produce 100 children. 
Eiaitriciiij and Aithata. — M. Pog^oli descrilKni to the French Acad- 
emy the Buccess whiob he experii^nced in trailing osihrea by electrioily. 
He considers tbta remedy applioible lo true asthma only, wblch is a 
nervous disorder of the renpiratoty appnmtui, usually occurrini; iieriodically 
and in paroxysms, and not to asthmatic symptoms resulting from heart 
disease or pulmonary emphyFiema. 

Eiei:trirUy and BriglU'H DUeiue. — M.Namins has also comraunieiled 
to tbe French Aeadomy a cone.in which the ob-iucle to the Kporatlon nf 
urea from the blooil was removed by the appliralion of galvanism lo the 
loins of the patient for half an hour. Twelve of Danlell's cells were 
emplojed, and the quantity of urine and urea much increased. More 
albumen was also Kccreted, but M. Namioa «lBles thnt this vr,\K of small 
conseiiuence compared with the benefit resulting from a greater elimina- 
tion of urea. 

Ep'ecU of Coasanguineoia Maniages.—'M. Bailey has called the at- 
tention of tbe French Academy to a remarkable result of a very singular 
marriage of this kind. He says, " tbe father and motber enjnyed good 
health 1 the father was born in lanful wedlock; tbe mother somewhat older, 
camefromafoundlingboiipilal. From Ibis union re-ulted in succeBsinn four 
infints, Rlill)»rn j tbe fifth is deaf and dumb in an asylum at Rome ; the 
siith is a dwarf, and the seventh has not at present exhibited any l>ecul- 
itu-ity. It is now known that the individuals, so afBicted in their de- 
■cendanta.are brother and sister, children of tbe same Cither and mother, 
The girl, born before marriage, was deserted by her parents, was never 
reclaimed bv tbem, iind was ignorant who tliey were." M. Bailey prnpnieli 
that FpecLil inquiries should be matle Id deaf and dumb asylums cuucerning 



iJiS^ 



82S 



ASJfCAL OF 8C1ESTIFIC CISCOVEKT. 



Iho relitiimhip of the pircnt* of ihe unfortunates. In R^Ine h- findt 
out of 13 caoei of peruins born deaf and dumb, thrive were oiF^pHng rf 
conianitujneou* nmrriugei, one lieiiig connected with the deplomllle *tiiiy i 
we hnvejmt cited. 

Effect ofopm.a!r Ezerciae on Lanrfevity.—^i. Sargeant, ofEnxlin 
hft4 recently pulilUhed some remarkibls &c(r, showing the infiueitcejri 
out-door occujuLtion nnd exercise in lessening the nte nf mortaiilv : B 
thk of alinoHt nil in-door occu]Kktiaat, long continued, in raising the n 
of mnrtnlity of the cloHses following them. 

The ftreater longenty of persons living in the eounti^ appean tdnoll 
wh >lly due to the greater prniiortion of out-door oocupitioni inr- — -^ 
as Klio|)-keepera and others following nedentory pumuiU in the c 
have no well-niBrked vital guiieriority over the same claMsa in town^J 
whereas farm kboren, though exiKi'wd to the elTectft of « 
greater longevity than any daai uf mechanics working tn a 
moaphere. Even scavengers in town*, who are exposed to 
impurities, are long-lived, owing to the vital influence of the open air B 
which Ihey follow iheir occupation. 

Aerlinatitation of Aniiaitln. — In a paper on this subject addrc 
to the British Asaociation, 1861, by Dr. I. E. Gray, F. B. S., the U 
thor remarked, that Home auimaJa seemed to have' beco creatt.'d w ' 
inorv or less of an instinctiTO desire to sssociato with man, and to li 
ooinu useful to him, but the number of these i* sery limited, 
appoar as if all the aiiimnJs whi<-h are possessed of this quali^-, and ai 
worth doiuestieating liavo already been domestioat^Kl, and hare betm 
Ro (Votn the aarliuHt historic times. Certain Freneh philosophers hani 
lately taken up a notion that it was desirable to pervert the Cnie par- 
pusu of the horse by cultivating hirn for food instead of work, and X 
(uc^iety of hlppophai^ has been instituted with this view. Of t'oiiriH, 
undur pri^geiit ciruu instances, tho flesh of the old and wom-out horsci 
was wjld fitr muL^h less than tho meats of woU-fed ruminants, and the 
miser.ihlL' classes in all countries were glad to obtain animal food of 
all ktnda at a low rate, but whenever an attempt had been mode to 
fatten horses for food it had been found that the racal could Dot be 
produced at so low a rate as that Tor whii^h far better beef and mutton 
could be bou«ht. 

In aiceuipiin;^ to introduce new domestic animals into tome of our 
colonics it would be desirable not to confine themselves to BuropCMi 
bretiila but to ascertun whether tome of the domestic racci of Alia 
and Africa might not bo better adapted to the climate and other con- 
ditiona of the colony, although it would not be worth their while i>or 
consistent with good policy lo attempt their introduction hero, 
espuriinents might be made in the colonies of the West Coast O 
Africa, for instioco, where our horac, ass, oxen, sheep, goat, and e' 
dog hod greatly dc^iierated ; where the horse and the a-is live a _ 
for a very brief penud, wbem the flesh of the ox and tho sbeep is di 
•cribcd as bad and rare, and the Itesh of the goat is said to be Utst»- 
Icss and stringy. Tlie nig alone seems tobeor the change with e<]iiut- 
imity, and IheproduceortTieinilchpigisoftonBoIdtopMsenwrtby thw 

lail packets and the ships on the stations, as tliu uidk of the cow, ot_ 
even the goat, is rarely to be obtained. ™ 

Ja^ntBtmtiU in Ihi ExIi'AUian of Oite-dogical Col(ectiong.—Bt 
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tiful and instrartirc aa nrticiikted slicletans are for many puqiosijs, . 
tlicy am ill aJnpKj for tho cxA^niaatiD-i of aumu of the must imi>or- 
tint parts of tha asseoiu system. Tlic articular eniU of tim (lilftrciit 
boDCa of wbich they ore composed nrc □ci^syiu'ily hitlilcn, and a Hgid 
c'timpariaon of one bone with another is almost impossibie. The 
Ooundl of tbc Royal College of Surgeons, Loadon, have therefore 
reoently proposed, that a new osteological surius shall be tonncU at 
the UuDt£rian Museum, designed to sbow the principal modiftcaitioa 
in each individoal element of the akelctoQ throughout the vcrtebrato 
■erieB, by placing the homologons bones of a number of different a:ii- 
mals in juxtaposition. For conrenioDcc of coinpuisou, the spci^uietii 
are &11 to be placed in corresponding positiona, mounted on separate 
BUiods, and to each will be attucheil a label bearing the nainc of 
the bone and of the animal to wliieh it belongs. It is believed that, 
when this series is carried out ou a sufficiuntty extcnsire scale, it will 
■Bbrd facilities to the student of comparative osteology never before 
equalled, and add greatly to the real value of thu College Museuin to 
iMrkiiig men of science. 

Seiearnkea on t/it Nerve 8tntcturt.~^ieTy anatomist is now fanut- 
hr with the Cict that the nervous matter — the stuff which enables lu 
to tliiiik, and makes as conscious beings — is composed of cells and 
fibres. By some anatomists it has been contended that certain cells 
and fibres are independent of each other; but Dr. L. S. Beale, in a 
paper recently published by the Royal Society, endeavors to prove, 
that in all cases the fibres are in bodily conneetJon with celU. and 
that every nerve-cell has at least two fibres in conoec^oa with it. 
From this the author concludes that the cells and fibres of every nerv- 
ous apparatus form an uninterrupted circuit. 

Roto to dftect a Itml Okott. — Every one who has pressed lus eyes 
when shut, is more or less aware of the curious colored figures that 
are thus brought lieforc the consciousness ; and otiiers are agiun 
aware that when looking into space, curiously-shaped bodies noat 
bi'fore the eye, as though tlii'y occupied a place in space. These last, 
when suffii-iently obvioun to cau^ie annoyance and tlie consultation of 
a doctor, have been called mrucis volilanlei. These subjective phe- 
nomena of the eye have assumed sometimes very definite forms, and 
tbeir study bos enabled the physiologist to give satisfactory explana- 
tions of the supported appearance of ghosts to persons of dinensed 
visual apparatus. On those researches a ready means of detecting a 
real ghost has been discovered. All that is necessary for this pnrp>iso 
is, when the ghost is seen, to press the side of the eye with the finj^er, 
when, if it be not doubled, the presence of a real or objective ghost 
msr at once be doubted. 

The latffett described 8ii'zh'^. — Mr. SpeVe, in his woA on tlio dis- 
covery of the source of the Nile, thus describes the death of a snake 
of ttie boa species, shot by his traveling companion, Capt. Grant : — 

" I shuddered as I looked upon the effects of his tremendous, tlying 
strength. For yards around where bo lay, gross and bushes and sap- 
lings, and in fout everything except the more fully g^wn trees, were 
— * clean off, as though tliey had been trimmed with an tmmenM 
. This monster, when mcaaurod, was 51 feet 24 inches in cx- 
lengtb, while round the thickest portion of its body the girths 

24' ^m 
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a npttrly tlirca feet, tliiis proving. I btiie^ 

» pent that was uvor Buthcniii'ally liL-ard of." 

Specific against the Bite of Sei-pent*. — Di 

Undernood madu numerous public uxperiui 

" '' '"' "' >'-'-- ,^,i,^g (fmj ^1 



:, to be ibe lirge 

ring the past year a Mrv 
' at Multwurue, Am' 
poasesiion of a •»» 

be bitten Gr diOureal 
of the most (Luti 



1. witli tliu ubicet of pi 
ciGc ftgainst tbe bites of 
altowed hinuelf, as well as soverjd rabbita, 
■erpents, amongat othcn, tbc diamond maki 
gcrous in Australia ; neitber he nor Uiu rabbits suSurvtl any ill uff«cts 
uuDsequenire, but the rail) he asked appeared exorbitant, and the tecr 
was accordingly not divulged. However, tbo CoraaiaU Gkrttnii 
asserts that tbe mysterious apeciGi^ ia no other than the poli/ptdiu 
JUuc-mas, or male (em. The antidote is prepared by simply infuui 
an ounce of tlie leaves of tlie plant ueorest tbe rout, in spirits of wii 
or brandy, and preserving tbe tintture for use in a well-stoppen 
battle, ir the properties of this plant are found to be roallv wiut 
described, it b deeirable to try wbutlier it would counteract the palsi 
arising from wounds made during anatomieal dissoetioua, to which i 
many medieol men and students Fall vii^tinis. 

OntheLarytaof the itniite Atunandthe i^eoro.^At Ihelastmeoh 
ing of tbe British Associatiun, Dr. G. D. Uibbs. in a paper on 
alMve Bubjeil, stated that special diSurences existed in the constr 
tion of the larvnx of the white man and the neiiro, which consisted 
in the invariuble presence of llie cartilage of Wrisberg, general^ 
absent or quite rudimentary in the white race ; the obliquity of til 
plane of the vocal cords Irom within outwards, but vaiying in de^rea 
and of the more or less pendent position of the ventricles, whieb pel 
mitted of a view of their fundus witb the laryngoscope. The cm, 
latter c'onditiona he had never aeen in the while race in an ciaminatioi 
of some !J(K) healthy living persons. Theae facts were made out CcoB 
an ezamioatioa of 58 negroea, including 15 pval tnarltM. 

SPONTAHEOUa GEXERAIIOX. 

In the recent proceedings of the Royal Society is inserted an acooin 
of 20 experiments relating to this question performed by Ur. G. V9 
Child. The substances used, were, in ten experiment, milk ; and i 
ten, Iragments of meat and water. These were in ell cases placed id] 
bulb ofglaas about 2j inches in diameter, and having two narrow aa 
long neeka. The experiments were divided into Gvq series of fbi 
experiments each. In one series the bulbs were fiUed with airpn 
lioiisly passed through a porveloin tube containing fragments a 

Lpumice-stone. and lieated to vivid redness in a furnace. In tbe DthM 
they were filled respectively with carbonic acid, hydrogen, oxygel 
and nitrogen gases. In each scries two experiments were mad 
with milk and two with meat; and each substance was boiled in oB 
case and not boiled in tbe other. The joints of the apparotos war 
Ibrmed either by means of non-vuleanizeo caoutchouc tubing or Indil 
rubber corks previously boiled in a solution of pota.ih ; and in eve^ 
case, at tbe enil of the experiment, tbo necks of the bulb were scalfl 
by the lamp. The lime of boiling such of the substances as were boilei 
varied fromGve to 20 minutes, and the boiling took place in the bull 
•nd with the stream of gas or air still passmg liirougb. The sol 
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Bdncps Tvcre sIwavb nllowcil to coo! in the samo stream oF gas before 
the liulba were Realeil. The iiiiorusuopic cxamiritition of tlie eontcrtta 
of liie buUu took pUL'e at various timea, fraia three to four mnnlhs 
afti-r their inclosure. In every case but one in which the siibstSnce 
haii not been boik'i), low orBaniamn were found apparently irrespuetivo 
of the kind orga« in whieh they hail to exist. The case in whiL'fa they 
were not seen was that of meat inclosed in a tube filled with nitro^n. 
Tilts bulb burst apparently spoil tancoLuIy, and its ilo'mg so mav bo 
looked Dpon as a proor that in it also aotne chan^ hail taken place, 
I iDost likely connected with the development of or^;anic life. Dr. 
Cbilds concludes by saying that no delinitc conclusion can be drawn 
froai so limited a ran<ro of experiments ; but it is worthy of rem:lrk 
that organiams were found here under the precise eircumatinees in 
which M. Fanteiir slates that they cannot and do not cxiat. The very 
■baonnal conditiins under which some of these so^alled organisms 
■re (bund would render it doubtful whether bacteriums, vibnos, &c. 
ought to bo considered! as independent organisms in any higher sense 

'1 tfaon Bre wUte blood-corpuseles, pollen graius, inueuK-corpusdca, or 

' apennatozoa. 

Jf. Ptuleur't Coticliuinns respecting Spnittaaeoiu Oeaeration. — At a 
recent roeetinK of the Acsdemy of Sciences, at Paris, M. Pasteur al<o 
reverted to the conCruTeniy on this subject. In his recent memoir, he 
Mated, on the ^th of numerous experiments, that it was olmys pKMmUe 
to likke away from any determined spot a limited, yet notable, amount of 
air which has not undergone any physical or ehemicfd change, and which 
W34 neverlhelest quite unable to provoke any alteration in an eminenily 
putreiicible liquid, AIM. Pouchet and Joly, having affirmed that tins 
letull waK erroneous, M. Pasteur defied them to prove it so. MM. Joly 
and Muuet, aaid : " If a single one of our tubes remain unaltered, wa 
will loyally acknowledge our defeaL" And M. Pouchet aha swd ; I de- 
cbnf that, on any pirt of the globe whence I shall take a culne dedmeter 
of air, when I ahJl place it in contact with a putrescible liquid in a her- 
metically sealed tube, the latter will invariably become filled with living 
nr^iniKms." In coofonnity with the demand of MM. Pouchet, Joly, and 
Mu1se^ accepted by M. Pasteur, the Academy hon np|XKnted a committee 
oimposed of Bever.ii of its mo-it illustrious [nembers, — MM. Flourens, 
Duinas, Drougniart, Milne-Edwards, and Balard to repeat in its presence 
fttt* experiments, the results of which have been invoked as either 
*^^- ■ 'e or contrary to the doctrine of spontaneous generalioas. 
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KBW FL&METS A>tD COMETS FOB 18H. 

The di3i»vei7 of throe new astt:roi<isl plancta hua been a 
daring ttii: past yeur, uukiag tbt! whole nuunber now ivcogiui 
eighl!/-tieo. 

The eightieth asteroid vaa discovered by Mr. Pogson of the Obser- 
vatory or MadrA.1, India. It has reccivecl the luune of Sappho. 
TUe eighiji-firgt nal^roid was discoverod Septeinlwr 30, by Mr. 
Tumpcl of Manicilles, France. It has received the oamo of ^feipaj 

The eiyhly-tccond asteroid was diacovered Nnrinnber 37, by M. Ii^^J 
thur of Bilk, Gurmany. It liit rocclved the name of Mkatene, ^ 

Nem Coiaeti, — Five new cDaieCa have been diacovercd during tha 
pait year; but none of them exhibited any q>ecial feature* lA lu- 

£t«Ia'< (7on>«t, which during its apparition in 1816 exhibited such 
Tumarkablo phenomena, — ita nucleus splitting np into two in a nuMt 
myglerious majjuer, each component pursuing different pHths. — wflj 
be with us a^ain tlusyear. As might have been imagined, the atrange 
splitting up in 1846, eonaidcrably disturbed its [lath ; but althou^b 
when it was observed by Fothpr Secclu in 1852 it was distant 6° y 
right ascenaioQ and 2° in declination from its predicted place, n 
of the deviation was duo to the error of the ephemeris. Tlui a. 
conld not be observed at its perihelion in 18^9, so that the 1665 ^ 
turn will bo watched for by astrouomers with the grcutesi intarot. J 

ASTRONOMICAL StlMMLARy. 
ftappoied fifth Satellite of Jupiter. — M. Gjapariii, of the OlnervBtOI 
at NapleH, ww, July 22, ISCJ, at IM P.M. a. black, well-defined pol 
on the disc of the ])laneL In a iiunrter of an hour this black poio^ 
moving in the direction of the planet h rotation, disappeared, passing fhan 
the mai^n. M. de Gasparis auks if this is the same body tW hoa betu 
seen by Meurs. Long and Baxendell. M. FLiminarion, in the Poril 
Coamoa, nays it could not hare been a little pbnet in conj 
Jupiter, for b that cose ita motion would have been in an oppoMte di 
U'on, and it whs nut one of the four known salelliles, as they w 
Tialhle. Could it, he osXs, have been a fifih small satellite ? 

rAe5p«(runiD/'Conie(//. 1864.— Prof. Donati,orFlorence,publi . 
in Axlrpn. Nach. a sketch uf the npectnim alTorded by this comet, ai 
hs ff inarks thai it resembles that produced by metals, the black b 
belag broader ibao Uxe \uiiu&aus. 
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:■ out the ruirowing sin^ilar propartinn : The perioil nf n 
the earth on its axis is in the sniuf jinijiorlLon tn the pc'riudlc linie of Ihe 
I mmin round the earth, hi that of tlic period of rouitiun uf the sun on its 
\ Bxi* in to the periodic time cif M.irs round the run. 
* Xebula of Eta ArffHt and Southern DrnAU Sidr*.— Mr, Powell, oli- 
I 'erviiig nt Midias, coiiIirDii hia oirn and Mr. Ahhot'i previous suKpicinns 
I of the chitnges in the nehula surrounding Elu ArgA<<. IIi; siaien that 
1 «inw I860, the whole nebul:i b.kH fitiJed away vi?ry couniilenibly, and hia 
( d1w> altered its form ; the eUit now bei^ig left quile inulaled, anil out of the 
j n< huloua mitter allii};ether. It is to be remembered that the Hiar a one 
I of the mn.<t remnrkable vnriablt- onee, and the phenomenon of the stsr 
/ and nebula varying in brightness at the aame time reseinhlei that of the 
( disappeoninM of the smiul star and telescopic nebuln of Taurus a few 

Iyrars since. Mr. Powell bus also made some good obaerv.ition* on the 
maarkable star, Alphii Cenlauri, which is now at an intere^^oji pirt of ita 
ottiit, BB the distance \* nnw decreasing. Qumma Corona: Australia be 
SimIk has described 2(P during the lost four years. 

Sew NAtUce. — Mr. Laivel, the celebraled English Astronomer, who 
I Im Sir some time Incited his fine telescope in the Island of M.ilta, an- 
' nounces the discovery of nejrlv 20!) new nebuls during the last year. 
I Ofbiti o/Binary'Start. — l^rof. Kirkwoodin a recent communicittion 

tc» SiUimart'a Juurnal, directs attention to the fact that the orbits of 
Binary Stars, so far as observed, are much more elliptical than thosa 
of the planets. Of the wholu ounibtr of apparently double stajB known 
U) lu, Kbout 6,000, no less than 6J0 have changed their relative posi- 
tion- The almost circular path of planets around the sun and the 
extremely elliptic motions of thuBclf-luininouB .stars are both aiHiounted 
* for by tlu; theory of Laplace, as explained by Prof. K. For if a mass 
of nebulous matter in which the proi'css of condensation has com- 
mtOKXd, has B very slow rotation, and if instead of a linglt center of 
■ttmctiun, two distinut nuului be formed, the conseijuence may be its 
oomplete separation into two bodies, while the rotation is yet so slow 
that the i-cnttifu°;al force, as compared withfentri)>etal, is too feeble to 
produce a neai^ circular motion. Whilu, thun.'fore, orbits of small 
ci!iviitricity must clioraetorize ploneta formed from the abaadoued 
equatorial rincs of a condensing nebula, orbits highly elliptical may bo 
re>>ariled as tJic probable consequence of a separation in the earlier 
slttfjes of its physical history. 

Thoughtt on'ihe lafiuencc of Ether in the Solar Sgttem, itn Sdaliom 
ioiht Zudiaeai Light, Coatett, and Seiuons, and periodicat Shooling- 
Start. — In a communication to the American Fhiloso^ihical Society by 
Dr. A. Wilcocks, the author advances the hypothesis that there is a 
constant circulation of ether induced by the heat of the sun ; tliat the 
culd ether descends near the poles of the sun, and that heated ether 
ascends from the sun's equator, or rather from a parallel ot solar 
latitude just north of the equator; that this heated current as it rises 
is compressed by the cold othur into a thin conical sheet; that the 
Other hears with it matter capable of relleeting light, and tlius causes 
the zodiacal light; that the tails of tlie coincta are lighter than tho 
ether, and arise fur that reiuon from the sun, except urhuo near tho 
poles of the sun, when they are made to deacund in the vortices of 
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desocnding ether, so as toprcscnt double; and multiple tails; that twice 
in the year, in August and Novenibur, the earth plungea through tbo 
shoet uf warm other, causiDg a warm period in citch month, tim dug 
dsyii and the Indian Bumuitr; and that In the middle of thu.«c two 
periods it csiuses the return of thn August and November mrtcon. 

Shale on the Companion of Sirius — M. Shute's obscrvationa ou 
the satellite of Sirius, published during the nasi year, socm to support 
the views of Mr. SafFord of Cambrii^c, Mass. via: that there is do 
physical eoDncction between the two stars. 

Diilance of Sirita. — 11. Fhunmarion, in the Coxmni, meafeing 
of this magnificent star says: "thanks to the labors of Sir John llcr- 
aehel, we know that the absolute intensity of tlie light of Sirius has 
been estimated at 221 times that of the sun, and tliat its parallax, 
amounting to 0"'2,1, gives for its distaiK'e from the earth the probable 
number ol 52,000,000,000 of leagues. It fallows that we 1I0 not nee 
the Sirius of to-day, but of 22 years ago ; the ray of li^ht that we 
reeeive to-day haring been emitted by the star about 1840. ' 

Contparing the Light of 8lan.—ia Compta Seiidut far the 11th 
of April, I8G1, bl. Chacomae dcacribee a method of mounting a plane 
mirror bo aa to bring into the field of a telescope the imago of one stars 
while the telescope receives directly the liAt of another. By thij 
means the two images are brought into simultanooiis view, the one ol 
course less brilliant than it should be, tlu^ugh loss of light in »;&■.«- 
tion. IIu gives the calculations necessary to work out the con^iarison. 
Sirius he linds to be five times as bright as Arcturus. He is able to 
work by this mclliod upon stars from 20° to 160° apart. When sei.>n 
■imultiuieously, Arcturus looks orange red, and Sirius bas a alight 
green tint. , 

WHAT 18 KNOWN ABOUT SHOOT IN a-STAE3. 

Of shooting-stars there is an overage of from five to seven Tisihle 
every hour on a clear night. They are stray visitants in contradis- 
tinctiou to the prodigious swarms of November and August, which 
observation during twenty-live years has decided to lie accurately return- 
ing phenomena. Ara^ ^ves a summarv of the times in each month 
when meteors arc chii'flv seen ; it i* as follows : January. Shooting- 
Btars are rare, 1st, to 4th, if at all. Fchruar)-. The ancient sbowen 
of meteoni announced for thia month by the chronielors seem to have 
failed for the last eight or nine centuries. Uareh. Occasionally. 
April. From 4th to 1 1th, and 17th to 2 Jtli, May. Shooting-atarj 
arc rare. June. Shooting-atara are Vfry rare. July, The appari- 
tion of showers bemns now to increase in number; we may expect 
tlicm about July 2<>th to 2!lth. August. The well known period ofUth 
to 11th. September. Rare but possible from 18th to 25th. Oi-tobcr. 
In the middle of the month. November. As usual from 11th to 
l^thi though less abundant. December. About Stb to 15th. 

From this It will be seen that shooting-stars are much more numerons 
during ibo latter half of the year, when the earth is pas^in"; from sum- 
mer to winter, or, in astronomical phraseology, from aphelion to pori- 
helioB, The same increase of number in the last aix montlis ot tJie 
year is observable in the apiieiran^o .and fill of fire-balls and aerolites. 
Now by what theory can \(e twcomrt iot v'aia aidforoi wtiirn of meteor* 
tJaeMchyw? 
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The theory generally accepted is thus set forth by Prof. H. A. Newton, 
of New Haven, Cona. : which is, thit there is a ring, or annulus of small 
bodies revolving with planetary velocity about the sun ; that the bodies in 
question are distributed very unevenly in the ring, there being a small 
section of the ring where the bodies are numerous, with a few stragglers 
8cattered«along the rest of its circuit ; that the earth passes through the 
ring every year, and each year in a new pLce ; and that it passes through 
that part of the ring in which the planets are most numerous once m 
about 33 years. He further concludes that the period of the revolution 
of this ring of planets around the sun may be calculated with very great 
accuracy, and that it is 354*621 days, — ^a little less than a year. 

When the bodies, composing this assumed ring, come within the limits 
of our atmosphere, they are rendered visible to us as shooting-stars, or 
fire-balls. Profl Newton, and Mr. Alexander Herschel, have concluded 
independently, that shooting-stars commence at 70 miles and disappear at 
50 miles above the surface of the earth. At 60 miles above the earth 
shooting-stars are far more frequent than at any other altitude, and they 
are considerably more between 40 and 80 miles above the earth than in 
all other elevations put together. Examples of suddenly collapsing and 
rekindling meteors appear to favor an hypothesis that chemical affinities, 
unknown at ordinary temperatures, produce in similar meteors a consid- 
erable portion of their unaccountable excess of light and heat. Profl 
Newton estimates the velocity with which the November meteors arrive 
on the atmosphere of this earth at 20*17 miles per second, alb wing for 
t^e attraction by the earth. The velocity of their passage through the 
air is 38*7 miles, or nearly 40 miles per second. 

The periodicity and parallel divergence of all the shooting-stars from 
the same apex or point in the celestial sphere, can only be accounted for 
♦ by the suppnosition of a ring, or elliptical annulus of meteors. Supposing 
this ellipse is crossed by the earth twice in her annual course, and that 
the traversing of each node occupies a day or two, we may at once ao- 
count for the periodic profusion of meteors. And the parallel divergence^ 
of the stars from the same place in the heavens at each period, is exactly 
what would occur if the (Mrbits of the earth and the meteoric ring inter- 
sected. In the November period, all the stars emerge from the region 
of Leonisi in August, from Catnelopardali; the latitude of the apeK 
is changed, but not the geometrical fieu!t of divergence from a common 
source. 

Father Secchi, the Roman astronomer, in a recent publication, calls 
atitention to the small horizontal distance to which meteor appear- 
ances are limited. The cases in which this exceeds 220 kilometers are 
rare. The consequence of this is a curious one. At places double 
that distance, apart it is scarcely possible that the same shooting-stars 
can be seen ; and if we suppose tibie celestial vault represented by a 
globe 50 centimeters m diameter, we may say that the part of the sky- 
whence the meteors proceed dpes not exceed the space that might be 
covered by a shilling. 

Dr. Scmnidt of the Observatory of Athens, has recently been fortu- 
nate enough to observe the explosion of a meteor by means o£ one of 
the poweilui telescopes of the Athens Observatory, and the appearance 
which he witnessed— aa incandescent shower — ^is entirely mkt ^iQidd 
have been expected^ 



I 



338 



ANNUAL OF SCIENTIFIC DISCOrEKY. 
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« of tbu sg- 
n regard to the next prob- 
1 1805 (33 yeara nftor the 
t rcason&lilc to look 



Our rra.dprs will bear in mind thut tho conilicion of llicac nteteon is 
not one of ineanilcsccQue, or ignition, wbilu traversing space bt'vond 
the limila of our atmosphere ; and it has often been wiilied thiix wo 
migbt be ftvored with some observations of thetp while in the course 
of their intorplaiietary progress. Tbis opportunity has been given 
within the tost yenr to AI. Ilcis. a European aslronointr. 'At 8h. 
31m. P. H. on tha 4th of October la»t, as he was observinj^ the milky 
, he distinctly saw a. dark mass slowly wending its way alon" th« 
'" ' ' elipsing the stars in its path. He woa enabled lo 

wali^i this strange visitant from a point sitnatml in a 2iHr S-\-2l''U>a 
201° 4- m°, where itRnally disappeanrd. Hdit fortunate it wuuld have 
been liir us if another observer, as skilled ss M. lleis, had also been 
favored with a sight of this dimmest of plar 

Prof. Newton, in a recent coinmunR-ati 
aller assigning a period of about 38 years fc 
called "meteoric showers," thus speculates ir 
able great display : If a shower oecu 
great November display of 18i}3), it : 

tor tlie finest appearance " in western Asia and eastern Europe ; 
in 1866 on the western Atlantic. The year in which we have most 
reason to expect a shower, is 1S66, since tho cycle of 33'25 ^ears is 
probably to be reckoned from some date between November lo 1833 
and in 1833. Tlieae places and times are namod with hesitation, — 
rather to guide observation, than as predictions. Tlw causes alluded 
to above, and the possible perturbations and irregularitii 
of the group, may cause unexpected variations of time and place." 
8TAB3 THAT HAVE CHANGED THEIB COLORS. 

Some additions to the catalogue of tbesc stars aremven byMr. Jao 
Ennis, in tho Proceedings of the Academy of Natural Sciences at 7" ' 
delpliia, based on the observations of Humboldt, Donati, Her._ 
Schmidt, and others. Including bimsclf. He says, " among the 11 a 
of the first magnitude, visible in this latitude, seven, according totl 
evidences, have undergone clianges of color, and some of them a 
chances than one. Among the six stars of the first magnitude ii 
Southern Hemisphere, not visible here, two have changM their o 
And nearly all these changes have been sudden, transpiring in 
periods, ftloreovcr, none of tho II first magnitude stars visible b.., 
are white ; all are either red, yellow, green, or blue. Why has it ■ 
been made known long ago ? Probably in great part, becanso changoF 
tho color of atars could not be accounted for bv anv prevailing sdcll 
tific theory. It has been rationally assumed Uiat t^e stars are simibr 
in constitution to the sun, and the sun has been encircled with a theory 
which aObrds not the least clue to any changes of color. This theory 
is most singularly compUcated and unfortunate. It surrounds the n 
Baid to be dark, with an apparatus consisting of five distinct a 
phcric envelops, all regularly arranged one above the other: 
a transparent envelop touching the opaque body of the sun ! MCt 
a Gery luminous envelop: thirdly, another transparent envdn 
fourthly, another fiery luminous envelop : filHily. a transparent ei 
loD, surrounding all the others. Among such a number of ima 
things, there seems to be no room Vo tni&^uxe how ehangen ol 
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could occur. Hence the mention of a clianj^c of (!o1or in a stir lias 
been regarded as anomalous, as an inconvenient fact liavin*^ no rela- 
tion to any popular theories and no appropriate place in the ordinary 
ivstems. Hence observations on the colors and on the clian<;es of 
colors have not been stimulated, but rather repressed by this complex 
theory of the sun.** The pro<pess of what is termed 8olar and stellar 
chemistiy will, no doubt, revive the attention of philosophers to the 
above-mentioned phenomena. 

THE STABILITY OF THE SOLAB SYSTEM. 

The doctrine of the stability of the solar system is considered by 
modem astronomers to be a fact established on the most sati:>factory 
evidence. It is however, assailed by Prof. Gustav llenriclis, in an 
elaborate paper in the American Journal of Science, No. 109. He con- 
siders, in the iurst place, the effects of resistance, rcferrin«^ to the 
evidence of it in the case of Encke^s Comet : and from his calcula- 
tions deduces the following four laws: 1. That with advancing age 
the nearest secondary planet approaches its primary ; 2. The cntiro 
system of orbits becomes closer ; 3. The regularity and symmetry dis- 
appear more and more ; and 4. That at corresponding ages similar sys- 
tems must represent the same configuration. He next examines at 
some length the laws of density and rotation, gWuvr the result in fif- 
teen conclusions. We give the last two : 14. If the laws of attrac- 
tion are not fully identical with those of repulsion, the created matter 
could already virtually contain the tangential force upon which the 
duration of the whole world principally <lcpends. This is simply an 
instance of " throwing the first cause further back,^^ since the transla- 
tory movement no longer needs to be considered as a direct action of 
the Creator, but'as a desi^ embodied and efTccted through some pre- 
Tious direct act. 15. It is probable that the force lost in resistance 
18 converted into ma^etism. ** 1 know that some, like Brewster, will 
object to these and simil \r efforts ; yet we always feel the more deeply 
convinced of the glory, power, and wisdom of the Creator and governor 
of the universe, the more we perceive how simple his means, how 
ffrand his design, and how multiform his effects. Unlike ourselves, 
the Creator needs no tools, no constant effort for producing his ends. 
His Almighty fiat created the universe, and his hand sustains it 
ever since." 



THJXJKY OF THE CONSTITUTION OF THE SUN. 

The following is a rhnmi of a long memoir on this subject by M. 
Emile Gautier, in the Bibliolhique Unicerselle, in which he gives an 
account of the principal observations and theories that have been 
hitherto published. 1. The sun is a litpiid, incandescent globe, com- 
posed of elements similar to those which enter ii: to the composition 
of the earth, and probably into that of the planetary system. It 
exists in a state analogous to the phase of licpiidity through which the 
earth has passed, according to the opinion generally entertained by 
geologists. The high temiierature by which its liquidity is maintained 
considerably dilates its volume, and explains the feeble relative den- 
sity of the globe in a state of fusion. 2. An atmosphere envelops 
the liquid mass, and incloses in it, in suspension, va|)ors or emanations of 
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all kinds ; so that its lower strata oii;^lit to be comparatively heavier 
than those of tlie terrestrial atniusphere. As the rotator^' motion of the 
central globe cannot be supposed to be transmitted to its gaseous 
• envelop so far as its most elevated limits with the same angular veloc- 
ity, the solar atmosphere is probably susceptible of exercising on the 
licjuid surface an action analogous to that of friction. 3. The emana- 
tions or metallic vapors surrounding the sun, and impregnated with 
dust, smoke, or lava, form around it a layer of variable thickness, and 
present total eclipses, the appearance of red borders and protuber^ 
ances. 4. The solar dark spots are partial solidiBcations of the 
surface, due .either to cooling or to chemical action, reuniting 
momentarily into aggregates, salts, or oxyds, which have issued from 
the mass in fusion, and float on its surface. 6. The facula^ (bright 
spots) are the result of the appearance on the sun of very brilliant 
substances, endowed with radiating power. 6. The acceleration 
observed in the rotatory movement of the spots situated near the solar 
equator is the result of the exterior action of the atmospheric pressure 
on the liquid surface, combined with that of the interior layers of the 
mass in fusion. Accidental irregularities may proceed from the dis- 
turbance of the chemical and physical equilibrium of the various 
materials composing the mass. 

In a paper on this same subject, recently read by Mr. Dawes to the 
Royal Astronomical Society, he stated that ** the mottled surface of 
the sun can be seen with i^ low power.*" It has been variously de- 
scribed, and it appeared to him in many ways; but he stated that he 
had not been able to verify the appearance of the ** willow leaves ** 
described by ISIr. Nasmyth. Mr. Dawes considers Sir John Her- 
schers words, ** the surface is like some llocculent chemical precipitate 
slowly settling down," to be by far the best description of the solar 
disc. AVhen Mr. Dawes used a very small perforation, with an eye- 
piece of high powers (lOO to GOO), he rarely saw much change in the 
pores, except in the vicinity of the spots, which were rapidly expand- 
ing or closing, when tlie appearance of the surface at the margin 
re^einl)k'(l small bits of straw or thatching, interlacing in all directions, 
lie s:iys that with rci^ard to the spots in the black centers, distinction 
oiiLrht to be mad(^ bi'twccn the umbra and the nucleus. The exist- 
ence or absence of this black central portion may jwssibly determine 
the origin of the spots. 

TEMrEUATl'RE AND CLIMATE OF THE MOON. 

^Ir. James Nasmyth of England, in a recent lecture before the 
lloyal Institutio!!, on the above su))ject, dwelt on the great evidence 
of vDh'anic action in the fonnution of the moon's surface, and ex- 
]»ri's.M*.l his own oonvittion that all volcanic action is of cosmical 
ori^^in and as ancient as the planets thciftselves ; the heat being essen- 
tially (lIiTcrcnt from that of ordinary combustion, which required the 
])rcscnce of oxyi^cn. The bulk or solid contents of the moon, as 
coinparcil with tUat of t\\o, earth, is as 1 to 41). The surface of tlie 
moon, as compared with tliat of tlie earth, is as 1 to IG. On the sup- 
position that the moon and the earth were Ibrmed at the same period, 
oy the condensation of nebulous matter, the rapidity of the cooling of 
the moon would be four times as great as that of the earth, in coiise- 
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qoence of its greater surface as compared witli its solid contents ; 
hence the moon would have become solid lonj? before the earth, and 
would offer for our contemplation an object of inmiense antiquity, the 
surface of which, from the absence of air and water, would have 
undergone no disintegration or change for millions of ages. 

The present condition of the moon's surface seems in great part 
made up of craters of extinct volcanoes, some 28 miles in diameter. 
Some of the volcanic mountains of the moon are 1^8,000 feet high. 
These are brightly illuminated on one side by the sun ; and from the 
absence of diffused daylight, owing to the want of an atmosphere, 
the further side is in shadow of intense blackness ; and from the same 
cause, the sky, as seen from the moon, would appear perfectly dark, 
the stars being always visible. 

The day in the moon is a fortnight in duration, and during this 
period the temperature on the illuminated side would probably rise to 
220^ Falirenheit, or hotter than boiling water. The night would be 
of equal length, and during this time the heat, from the absence of 
aqueous vapor and atmosphere, would be radiated freely into space, 
and the temperature would fall to that of space, viz : to 300^ below 
zero Fahr. The absence of air and water in the moon would render 
impossible the existence of animal and vegetable life corresponding 
to that which prevails on our globe. 

The use of the moon, as a satellite of the earth, is usually re- 
garded as being that of a luminary, but from its variable action this 
use must be regarded as secondary. Its value as inducing the tides 
and currents of the ocean is of greater importance, both as conducing 
to the sanitary condition of the sea, and as aiding transit in rivers, 
by the ebb and flow of the tide. At the conclusion of the lecture, 
Mr. Nasmyth illustrated the formation of the radiating cracks on the 
moon''s surface, by congealing water in a thin glass globe hermetically 
sealed, — ^when it cracked in lines radiating from a single point, — the 
cracks in the moon being attributed to the contractioit of its external 
hardened crust during the period of its rapid congelatioi . 
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NEW EXPEDITION TO THE NORTH POLE. 

A NEWproiect of an expedition to reach the North Pole, has been pro- 
posed in England by Capt. Osbom, distinguished for his connection with 
former Arctic explorations. He proposes that his vessels shall sail in the 
spring of 1866, and reach Cape York in August. One vessel would then 
be secured in or about Cape Isabella, leaving only 25 persons in charge ; 
the other, with 95 men, would be pressed up the western shore in the 
direction of Cape Parry, taking care not to exceed a distance of 300 
miles from her consort. During the same autumn, the southern ship 
would connect herself by dipots with the northern vessel, and the north- 
em vessel would place our dip6ts towards the Pole, ready for spring 
operations. In the two following years — 1867, 68 — sledge and boat op- 
erations should be directed towards the Pole and over the unknown polar 
area ; and in 1869 the expedition would retire, thus spending only two 
winters and three summers in the Arctic Zone. In an address before the 
Royal Society, Captain Osbom pressed warmly the advantages to the 
physical sciences which would accrue from such an expedition. There 
was an area of 1 , 1 3 1 ,000 square miles around the Pole, at present a blank 
on our maps, ^nd it was of the highest geographical interest to ascer- 
tain whether this space was a silent, frozen solitude, or, as some main- 
tained, an area of lands and waters teeming with life. The ethnolog- 
ical problems were no less interesting, for it was extremely probable 
that man would be found existing much further north than was at 

E resent believed ; and his mode oi existence in these regions would 
e very similar to that of our remote ancestors in Europe, who used 
flint weapons during the period when an Arctic climate prevailed over 
Britain and a great part of the Continent. There were also many 
meteorological problems of the highest interest, which could only be 
solved by a series of accurate observations, made by skilled persons 
in very liigh latitudes. But one of the most important services which 
such an expedition could render to science would be the measurement 
of an arc of the meridian in the Arctic zone. This great service — a 
measurement of \° of the meridian — could be well performed by a 
party from the ship, which was proposed to be lefl near Cape Isabella 
during the summer season, while the northern expedition was on its road 
to the Pole. As regards the risk of polar explorations, Capt. Osboni 
stated, that from 1818 to 185-1, England lost only two ships and 128 
men out of 42 successive expeditions. Forty thousand miles had 
been traversed by foot parties in the search of Franklin alone, and 
jot not one of these parties had b^eu <^ver lost. An equal amount of 
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geographical discovery had never been accomjAished on the eartli's 
surface with so small an amount of human sacrilifc. It was a super- 
ficial yiew that Arctic exploration had done nothing but add so many 
miles of unprofitable coastline to our charts. The discoveries made 
in the various physical sciences durinjx these expeditions were full of 
practical importance. It was in the Arctic region that tlie clue was 
obtained of the lavs of those mysterious currents which How through 
the wastes of the ocean like two mighty rivers — the Gulf Stream and 
the Ice Stream. It was in Boothia that the two Rosses first reached 
the magnetic pole, — ^that central point round which revolves the mar- 
iner^s compass over half the Northern hemisphere ; and the mass of 
observations collected by our explorers on all sides of that pole had 
added greatly to our knowledge of the laws of magnetic declination 
and dip. There were two routes to be considered in a project for 
reaching the North Pole ; the one by Spitzbergen, and tlie other via 
l^orth Greenland. Hakluyt's Head, m S[)itz!)ergen, is about GOO 
miles from the Pole. Sailing ships have been in tliis direction within 
600 miles of it, and Capt. Parry on the night of July 22, 1827, stood 
upon floating ice exactly 43.3 geographical miles from the Pole. He 
was constrained to give up the attempt, simply because tlie ice was 
being swept faster to the south than his men could drag their boats to 
the north. It was the height of the Arctic summer, and the experi- 
ence of the last 20 years had shown that inst<?ad of starting on such a 
journey in June, Parry ought to have wintered in Spitzbergen, and 
started for the Pole in February. Tlie Spitzbergen route, however, 
has this objection — that no northern land is known (m its meridian to 
give fixed points for the deposit of provisions. Smith's Simnd, in 
North Greenland, would be a better starting-point. It is 12) miles 
nearer the Pole, and there is good ground Ibr coiurluding that there 
is a further extension of continent or islands thence to the northward. 
The nature of the ice-drift tends to prove this; for it consists of ice- 
bergs, which are creatures of the land and born of glaciers. Icrebergs 
abound in Smith's Sound, which wouhl not have l)een the case had 
the land terminated abniptly near the Huml)olt Glacier. These tell 
us of gi*cat lands with lofty mountains and deep valleys, ret:iining the 
moisture and snow-drift of ages, and promise that continuity of frozen 
aeaboard needed, to enable our explorers to reach the Pole. 

With respect to the distance to be traversed in going to the Pole 
and back, Capt. Osborn stated, that we have ample data to show 
that it has been frequently exceeded by our sailors over the most 
tterile lands yet visited in the Arctic region. In 18ol}, Commander 
M'CUntock's party made 1,220 miles in 105 days, and Captain Rich- 
ards and the speaker 1,090 miles ; Lieutenant Hamilton even accom- 
plished l,loO miles with a dog-sledge and one man. All these dis- 
tances are in excess of the HCA to be traversed in going from Ca]>e 
Parry to the Pole and back. Since 1803, still greater distan«*es have 
been accomplished. Thus, Lieutenant Mecham marched, in 18o4. 
1,157 miles in onhj scrcnfy ihiys^. 

The proposed expcidition has the sanction of the Royal Society. 

During the past year the Swedish Diet has voted the mone^ 
necessary to complete the survey for the measurement ol' a!j arc oi 
the meridian at Spitzberg^^n, a.i 1 tli.M'c is ev tv nn'^ )i \:> ex;)c.'t tliat 
the practicability of tlie undertakiug will bo iiii:ne<liatcly settled. 
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BECENT GEOGRAPHICAL EXPLORATIONS. 

In his address at the anniversary of the Royal Geographical Society 
(Eng.) for 18G4, Sir R. I. Murchison, the President, stated, that of 
late years Russia has been the most eminent of nations in prose- 
cuting geograpliical research : — 

** The Geographical Society of St. Petersburg wields not only the 
power and iiiduence of the Lnpcrial Grovemmcnt of Russia, but 
receives also large grants of public money, which have enabled it to 
carry on simultaneous researches in the steppes near the Caspian and 
in the Caucasus, and also to describe the grand natural features of 
Central Asia, the boundaries of the Chinese Empire, and the whole 
river system of the mighty Amoor with its more numerous affluents. 
In this way serious geographical errors have been corrected, and new 
features laid down, by positive observations on maps ; while the nat- 
ural history of the animals and plants, as well as of the human inhab- 
itants of large regions of which little was previously known, has been 
fiilly developed." 

Referring to explorations in Africa, he remarked, that although much 
had been accomplished in late years in African exploration, •' yet 
much remains to be done to complete a general sketch even of the 
geography of equatorial iVfrica ! Is it not essential that the Victoria 
Nyanza of Speke, a body of water as large as Scotland, which has 
'only been touched at a few points on its southern, western, and 
northern shores, should have all its shores and affluents examined ? 
And do not the Mountains of the Moon of the same explorer invite a 
sun'cy ? Have we not yet to find out the source of the great Zaire or 
Congo, and trace that river to its mouth ? And who has yet reached 
the sources of the mighty Niger? A^ain, when we cast an eye down 
the map southwards, are we not still in ignorance of the draina^ 
and form of a prodigious extent of country between the Tanganyika 
Lake of Burton and Si)eke, and the Zambesi and Shir6 of Livingston ? 
Arc we not at this moment most anxious to detenuine, by positive 
observation, whether there exists a great series of lakes and rivers, 
proceeding, from Tanganyika on the north, to Lake Nyassa on the 
south ? And has not Livingston's very last effort been directed to 
this point. If Central iUrica is ever to advance in civilization, and 
ils inhabitants are to be brought into commercial relations with 
jiurope, one of the best chances of our accomplishing it will, in my 
opinion, consist in rendering the great White ^lile, a liighway of in- 
tijrcourse and traffic." 

OX TIIK EARLY MIGRATIONS OF MAN. 

In a paper on the above subject read at the last meeting of the British 
Association by Mr. J. Crawford, the ethnologist, the author maintained 
that the view advocated by many writers, of extensive migrations having 
taken place in primitive limes was entir«'ly erroneous. To undertake 
migrations even on a very moderate 8c;ile, a i)eople must have made a 
considerable advance in civilization. They must have learnt to produce 
■ome kind of food cajxible of being stored, to serve them on a long jour- 
ney, and must have attained some skill in fabricating and using weapons 
of offence aud defence, The earliest authentic records of emigrating ar» 
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those of the Greeks, and they were all b)r sea, requiring a provision of 
sea-stock, ships, and some nautical experience. There is no example 
of a people, coni^iderable in number and tolerably civilized, wholly and 
Toluntariiy abandoning the country of their fathers, or even of a whole 
peoi)le being driven to do so by a conqueror. The early migrations of the 
Malays bear a tolerably close resemblance to those of the Greeks ; but 
when these migrations were undertaken, the Malays had acquired a 
certain measure of civilization. They were a people quite equal to the 
entprprise of emigrating and establishing colonies. Notwithstanding these 
and similar facts, some very learned writers have indulged their imagina- 
tions with the supposed migrations of such savages, fancying that the 
whole earth was peopled from a single starting-point, and by one race of 
men. From the learned Dr. Prichard we have an example of these im- 
ajdn&ry migrations, in the supposed peopling of the New World from 
the Old, the latter being fancied to have contained that spot from which 
the entire earth was peopled. It is now admitted that the people who 
achieved this marvellous miction were in the rudest savage state, and 
that all their arts and acquirements, down to their very languages, were 
attained after their arrival m America. It is unnecessary to show that the 
shortest of the sea-voyages by which these primitive tribes, could have 
passtd from Asii to Europe would be impossible to be performed by 
them. The paper concluded by a protest against the modern theory of the 
Indo-Germanic or Aryan migration, which the author said was founded 
entirely on philology run mad, and not on ethnology at alL 

Prof. Rawlinson, of Oxford, comlnted, in a long discourse, the views of 
Mr. Crawford, especially with regard to the Ar)an theory, which, he ob- 
•erved, was not a German theory, as the author of the paper asserted, but 
was originally propounded by our own countryman, Sir. William Jones. 
The spfiker explained that the primitive migrations of man need not be 
supposed to have been undertaken by large bodies, but to have been 
gradual and slow. For instance, with regard to the peopling of India by 
ffuocessive nations of barbarians from the northwest ; this may have com- 
menced originally by a few wanderers who finding the climate a^^reeable 
and the lands unoccujMed, would remain, but, having partial communica- 
tion with their compatriots left behind, would induce these, one family 
after another, to follow their example. The principles of the Aryan 
theory rested more upon an identity of grammati&il structure than on that 
of the vocabularies or languages. He was inclined to l)elieve in a single 
eenter of creation for man. The great difficulty was in the received chro- 
nology not being sufficient to allow for the great modifications of race 
that had since ensued. But we need not be bound by the chronology of 
Genetds, seems that the three versions of Scriptures all differed in this 
respect. He held himself at liberty to say that the true chronology had 
not lieen revealed to us. The revelation was not meant to g^ve us a 
physical history of the world, and it did not detract from the general cred- 
ibility of the Bible that it should be allowed to have become corrupted 
CO these points. 

ON THE 1'T:XITY OF THE TYPES OF MAN. 

At the last meeting of the British Association, Rev. T. Farrar, in 
a paper on the above subject maintained that, as far as wc can go 
back, the races of man midcr all zones, appear to have maintained an 
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unalterable fixity. On the oldest Eg}'ptlan monuments we find Jews, 
Arabs, Negroes, Egyptians, Ass^Tiaus, and Europeans depicted with a 
fidelity as to color and feature hardly to bo surpassed by a modem 
artist. It might be objected, that this fixity was due to the surround- 
ing conditions having remained unaltered. But a glance at the map 
shows this objection to be invalid ; for the eastern region of Asia, 
from 70^ N. lat. to the Equator, offers every variety of temperature, 
yet is peopled by a single type, the Mongolian. By the side of the (air 
Circassian we find brown (jalmucks ; short, dark Lapps live side by 
side with tall, fair Finns. The color of the American Indian de- 
pends very little on geographical positions. In short, color is dis-' 
tributed over the globe in patches, not in zones, Europeans trans- 
planted from the temperate to the torrid zone do not, even in the course 
of generations, undergo very considerable modification of-t^e. This 
may be seen in the Dutch, who have lived in South Africa for 310 
years, and in the descendants of the Spaniards and Portugese in 
South America ; also in the negroes transplanted to America. Inde- 
pendently of this, we find races widely differing from each other, but 
dwelling side by side, who, so far as we know, have, from time im- 
memorial, been affected by the same climate ; such is the case with 
the Bosjesnien and the Kaffirs, the Fuegians and the Patagonians, the 
Parsees and the Hindoos. This fixity of type applies to habits as 
well as to corporeal features. The life of the Ishmaelite of to-day 
might be descrilnid in the identical tcnns applied to his first ancestor ; 
and the Mongol has the same habits as in the days of iEschylus and 
Herodotus, or, perhaps, thousands of years before. It may be ob- 
jected that a period of a few centuries is little or nothing in ethnolog- 
ical matters. It is, at any rate, everything, to those who, without 
miraculous interference, of whicli nothing is recorded, have not more 
than that period between the Deluge and tlie date of the oldest Egyp- 
tian monument in wliich to account for the appearance of, for instance, 
the full-^ovvn, well-marked Nigritian type. It remains for every 
one who is convinced of these facts to draw from them such infer- 
ences as appear to him most truthful and logical. 

In the discussion which followed, Mr. Russell stated, that he be- 
lieved that the fixity of the type of races during the historical period 
was only one of the numerous proofs of the great antiquity of man. 
The results of various branches of inquirv,— geological, traditional 
and ethnological, — all pointed one way. he maintained that some 
amount of modification was known to have taken place in the descend- 
ants of one and the same race, — the European and Indian branches of 
the Aryan race, for example ; he therefore concluded that, as two 
lines not exactly parallel will eventually meet if traced out, so the 
various races and sections of races of man must be concluded, from 
this known example of divergence, to have had a common origin, 
however remote in time that origin may have been. 

OX THE SOURCES OF THE SUPPLY OF TIN FOR THE BRONZE TOOLS 

AND WEAPONS OF ANTIQUITY. 

A paper on the above subject was read at the last meeting of the 
British Association bv Mr. J. Crawford. Tin, as is well known is 
found in only a very lew parts of the world, and the only localities 
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producing it, which have reference to the question under consideration 
are — England, the Malayan Peninsula, and Northern China. The ore 
u easily reduced, and m early times was found in drift or alluvium. 
The tin formations of the Malayan countries are the most extensive in 
the world. These three sources are the only principal ones from which 
the nations of ancient Europe could have derived this metal. Tin 
would be supplied in the same manner as silk and spices, with the 
difference ot being imported from the West as well as the East. 
Merchants dealing m the metal would convey it, as far as it fetched a 
profit, until western and eastern tin met at a central point, which 
may have been Eg}T)t. All the nations west of it would be supplied 
with British, and all those east of it with IVlalayan or Chinese tin. 
British tin would be conveyed by land to the Channel, then, crossing 
it, reach France, and throufjh France find its way to Italy, Greece, 
and Egypt, ^he author totally disbelieves, with Sir Cornwall Lewis, 
in the voyages of the Phoenicians to the Scilly Islands, through which 
they are imagined to have supplied the eastern world with Cornish 
tin. The voyage from the entrance of the Mediterranean would be 
1,000 miles in a straight line over a stormy ocean ; a vovage very un- 
likclv to be perfonned by ancient mariners, who, we know, even in 
the Mediterranean, only crept along the coasts, hauling their craft 
ashore in foul weather. Besides, the Scilly Islands, the supposed 
Cassitorides, afiTord no evidence of having ever produced tin. There 
is no evidence that either the Greeks or the Phoenicians ever passed 
the Straits of Gibraltar. 

Sir C. Lyell had always wondered whence the ancients had ob- 
tained their supply of tin for the bronze articles which they manufac- 
tured in so great abundance. We have helmets and weapons of un- 
questionable antiquity which have just that proportion of tin and 
copper which is known to be the best for the purpose. Sir Henry 
James had recently found in the bed of the haroor of Falmouth, an 
ancient wrecked in^ot of tin, which was of precisely that shape and 
weight which would adapt it as half-cargo for a horse, balanced by 
a similar ingot on the other side. The metal was thus conveyed 
along our southern coast to a favorable place for embarkation, whence 
the cargoes crossed the Channel and were taken overland through 
Gaul to the Mediterranean. The letis of Diodorus Sicidus was St. 
MichaePs Mount, which even now is an island at hi^h water. There 
are not wanting geological signs of the great antiquity of some of the 
tin-works of Cornwall, for some of them are covered by marine de- 
posits in such a manner as to show that since the time when tin was 
extracted, there had been a submergence and a subsequent re-elevation 
of the land. In those ancient times Gaul was peopled by savage 
tribes, and he thought it much more likelv the Phoenicians then came 
round by sea for their cargoes of tin, than tliat Gaul was then suffi- 
ciently safe to be a highway for trade. Sir II. James described the 
ingot which he had discovered at Falmouth, and which is now in the 
Museum of Truro. It resembled in form an astragalus or knuckle- 
bone, the shape being convenient for slinking over the back of a 
horse, and it was important to notice that Diodorus Siculus used the 
term astragali in describing the shape of the tin-blocks brought from 
the Island of letis, which there could be no doubt was the same as St. 
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Michaers Mount. The ingot weighs 120 pounds, and the form of 
the under-surface is such as to adapt it for resting on the bottom of a 
boat. lie believed, with Sir Charles Lyell, that in more ancient 
times, previous to the Roman occupation of Gaul, tin was conveyed 
to the Mediterranean round the coast of Gaul and Lusitania, but 
more recently, as Diodonis Siculus states, it was carried by land 
after crossing the narrow part of the channel. He did not believe 
that there had been any submergence and re-elevation of the land in 
Cornwall, but that the marine sediment covering the mines was in 
existence when tin was originally worked, the ancient miners having 
bored through the alluvium to get at it. St. MichaePs Mount was 
the Cassitorides of the ancients, and not the Scilly Islands, where 
there is not a particle of tin. The miners of the present day some- 
times 6nd bronze weapons in old tin works. It is n«t necessary to 
assume that these were imported, as there is plenty of copper in Corn- 
wall. The speaker believed they were manufactured there, and that 
a vast proportion of the bronze weapons of antiquity were actually 
made in Cornwall and exported. 
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